US009488815B2

a2 United States Patent

Miyamoto et al.

US 9,488,815 B2
Nov. 8, 2016

(10) Patent No.:
45) Date of Patent:

(54) PATTERN EVALUATION METHOD AND

PATTERN EVALUATION DEVICE

(71) Applicant: Hitachi High-Technologies
Corporation, Tokyo (IP)

(72) Inventors: Atsushi Miyamoto, Tokyo (JP);
Mayuka Osaki, Tokyo (JP); Maki
Kimura, Tokyo (JP); Chie Shishido,
Tokyo (JP)
(73)

Assignee: Hitachi High-Technologies

Corporation, Tokyo (IP)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 402 days.

@
(22)

Appl. No.:  14/360,649

PCT Filed: Jan. 30, 2013

(86) PCT No.:

§ 371 (e)(D),
(2) Date:

PCT/IP2013/051945

May 26, 2014

PCT Pub. No.: W02013/118613
PCT Pub. Date: Aug. 15, 2013

87

(65) Prior Publication Data

US 2014/0320627 Al Oct. 30, 2014

(30) Foreign Application Priority Data

Feb. 8, 2012 (IP) woovoeeeeeeeeeeeeeeeeernes 2012-024657

(51) Int. CL
GO2B 21/00
GO3F 7/20

HO01J 37/28

(2006.01)
(2006.01)
(2006.01)

(Continued)

U.S. CL
CPC

(52)
GO2B 21/008 (2013.01); GOIN 23/00

(2013.01); GO3F 7/70633 (2013.01); H01J
37/28 (2013.01); HO1J 2237/2817 (2013.01);
HOIL 21/0337 (2013.01); HOIL 22/12
(2013.01); HOIL 2924/0002 (2013.01)
(58) Field of Classification Search

CPC GO02B 21/008; GOIN 23/00; GO3F 7/70633;
HO17J 37/28
USPC 348/80

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

7,684,609 B1* 3/2010 Toth ..o GO6T 7/001
382/141

2006/0263706 Al* 11/2006 Yim ............. GO3F 7/70633
430/22

(Continued)

FOREIGN PATENT DOCUMENTS

Jp 06-202311 A 7/1994
Jp 2007-003212 A 1/2007
(Continued)

Primary Examiner — Jeffery Williams
(74) Attorney, Agent, or Firm — Miles & Stockbridge
P.C.

(57) ABSTRACT

An pattern evaluation method includes a step of estimating
imaging deviation allowed to evaluate an overlay position
on one or more evaluation point candidates based on pattern
layout information, a step of deciding one or more evalua-
tion points from among the evaluation point candidates
based on the allowed imaging deviation, a step of deciding
an imaging sequence for imaging the selected evaluation
point, and a step of evaluating an overlay position between
first and second patterns based on an image obtained by
imaging the evaluation point according to the imaging
sequence.

16 Claims, 16 Drawing Sheets

ELECTRONGIN
8 . 202 ELECTRNOPTGALSSTEM
205 !
GRS
204 BECRONEEN
B
a
7 SE00ARY ELECTRON
EBDERETIR CERCHR
e 202
. — i
it
BEFECTOR ] m
oeren
RRORE i Fiy
e z m
HOMERTR,
=\
+
r%3 H N
H AY
201 221 meEeTon] 211
WODUCTR ST O | BCRSCATERD
SR e SHE ' ] AR
CONTROLLER
22
2



US 9,488,815 B2
Page 2

(51) Int. CL
GOIN 23/00

HOIL 21/033
HOIL 21/66

(56)

U.S. PATENT DOCUMENTS

2006/0284081 Al

(2006.01)
(2006.01)
(2006.01)

References Cited

12/2006 Miyamoto et al.

2011/0268363 Al
2012/0106826 Al
2012/0267528 Al

FOREIGN PATENT DOCUMENTS

11/2011 Osaki et al.
5/2012 Toyoda et al.
10/2012  Sakai et al.

JP 2010-177500 A 8/2010
JP 2011-013022 A 1/2011
JP 2011-133378 A 7/2011
KR 10 2009 0099413 6/2012

* cited by examiner



U.S. Patent Nov. 8, 2016 Sheet 1 of 16 US 9,488,815 B2

101 -,
F l G. 1 ‘"!_ INPUT PROCESSING DATAPROCESSING PARAMETER —[---

102
2y NPUT LAYOUT INFORMATION
{FIRST PATTERN AND SECOND PATTERN)

103
1% INPUT EP SELECTION CONDITION ADISTRIBUTI ON. DESIGNATED EP,

AND PROCESSING METHOD AT TIME OF NEASUREMENT)
104 ~ | NPUT DEVICE CONDITION

{FOR EXAMPLE, STAGEAMAGE SHIFT ACCURACY) :
105 < T -

=~{ EXTRACT EP CANDIDATE (COORDINATES AND MAGING CONDITION] }--

106 1
‘L ECTIMATE ALLOWABLE IMAGING DEVIATION j

107
108 ?‘ﬂ DECIDE IMAGING SEQUENCE ]
109 1-|_ ESTIMATE ESTIVATION IVAGING DZVIATION |
1o 1-| DECIDE IWAGING CONDITION ]
1*—[ DECIDE MEASUREMENT PONTPROCESSNG METHOD |
T S '
L—| DECIDEEP ]
12 -
L—E CREATE RECIFE ]
113 3
'“*1 EP IMAGINGMEASUREMENTEVALDATION H
2073 ELECTRON GUN

202 ELECTRONOPTICAL SYSTEM

205
CONDENSER LENS \\@

\@ = | 20ELECTRONBENY

o on
- ™ SzEOC(?NDARY LECTRON 272 RECIPE CREATING LNT
EBDEFECTOR ~_ | DETECTOR %
215 PROCESSING/CONTROL UNIT '
203
ORIECTIVELENS 212 é
AD
0 CONVERTER = 5216
: IMAGING RECIPE 223
R e 213 ceu CRATNG OEicE. H
DETECTOR s 213
N IMAGE MEMORY, VEAGUREMENT 224
200 COMERTER ; RECFECREATG 145
%2 COORDINATE .} 214 3 DEVICE
SYSTEM m I
CONVERTER
201 221 m
SEMCONDUCTOR ~ STAGE DERRECTON Y mnck srarenen
WAFER STAGE W7 | ELECTRONDETECTOR
CONTROLLER | &~
220
2:15 L




U.S. Patent Nov. 8, 2016 Sheet 2 of 16 US 9,488,815 B2

FIG. 3

303 304
302 305 Iy 109
308 306 t /\./
ELECTRON BEAM SCANNING
INx DIRECTION

ELEGTRON BEAM SCANNING
Ny DIRECTION HyH;\ Hy

H,
367 H;
H,

. lx'
o \,\

308 ixly COORDINATE SYSTEM

ELECTRONS EMITTED FROM
SAMPLE SURFACE

200

*y-z COCRDINATE z

SYSTEM E 1
y




U.S. Patent Nov. 8,

FIG. 4

2016 Sheet 3 of 16

(a)
401
lL ATTACH WAFER |
402 o
1{ GLOBAL ALIGNMENT (a-TH)BY OM 1
403 2,
404 N GLOBAL ALIGNMENT (a-TH) BY SEM
~__AUTO-FOCUS FOR ALIGNMENT PATTERN IMAGING |
4015
Er IMAGE ALIGNMENT PATTERN AND
ESTIMATE POSITION DEVIATION AMOUNT
406 >
2< asNa >—
Ye
Neo
b=t —
407 3
R ADDRESSINGIMAGE QUALITY ADJUSTMENT
408 N FORb-TH EVALUATION POINT BY SEM
~|__AUTO-FOCUS FOR ADDRESSING PATTERN IMAGING |
409
1~| IMAGE ADDRESSING PATTERN AND
ESTIMATE POSITION DEVIATION AMOUNT
410 T
Rl
| AUTOFOCUS FOR EVALUATION POINT IMAGING |
411 1
=] AUTO ASTIGATISM FOR EVALUATION POINT IMAGING }
412
11 AUTO BRIGHTNESS/CONTRAST FOR
EVALUATION POINT IMAGING
13 1
3‘[ IMAGE b-TH EVALUATION POINT ;

414 *
1@ b<hb >-Y—es

415 4 No
Y DETACH WAFER |

(b)

US 9,488,815 B2

L-EP

432

g ABCC




U.S. Patent Nov. 8, 2016 Sheet 4 of 16 US 9,488,815 B2

508 514
v O T oS
1 @ @/J/\/
O,- Q____ _.._Q 511
T 8 e
0110 | OF
o :@ B ®

503

515 516
= e S
T [T EP
319
gvd
/]
>
7/ ¢
523 525 324
N S Ry AT R
T
521

(d)

o]
sig 515 516 S 515 516

526

528

x1%2 x3 x4

X



U.S. Patent Nov. 8, 2016 Sheet 5 of 16 US 9,488,815 B2




U.S. Patent Nov. 8, 2016 Sheet 6 of 16 US 9,488,815 B2

--------------------

SNEENE.  aumEe,  JPuATE

Limnass,  snmurre,

() (d)

l f}sﬁfm;ln 1”: 2122(?/21{9}42’23
™17 =k 1 1] ap




U.S. Patent Nov. 8, 2016 Sheet 7 of 16 US 9,488,815 B2

FIG. 10
(a) (b)

1607 1005 1004

112 1013
1008 o~

1003
C;,\ ON 1002
@ g
O O
@ @
FIG. 11
(@) (b)
1101 1102 1104 1103 1106 1307 1109 1108




U.S. Patent Nov. 8, 2016

Sheet 8 of 16

FIG. 12

US 9,488,815 B2

1201
N
@ PROCESSNG DATAPROCESSING PARAMETER INPUT
CESINATION OF PROGESSAG @ EP DECISIONRECIE GREATION
<NPUTLATOUT DAT 21 ETHODATTHE OFKEASRENENT oo R L1219
19]17) @ N0 DESIGRATION 1220
INPUT CHE ARRAY O JEASUREVENTBY DESGN DATA CONPARISON EPCANDIDNTES
INPLT CAYOUT DATA 1203 OKSEAM%RHENENTB‘S!‘ DESGNDATACOUPARISON
1204-_.24 FRSTPATIERND — O mEﬁUé{PESMENTBYOMY!MAGEPROCESSING
soonman ] Olegia g oSS
THROPATTERND [ 1] : : 5 >
: 12! <DEVICE CONDITON NELT> e 1221
1206-]__ <P ARRANGLHENT OISTRIBUTIONEP DESIGNATION- STHGESHFIACURICY [+ ] rom 12
B VAGNGEVALUATION
MDESIGNATIONBYEPARRANGE#BLEAREA NAGESHETACCLRASY [ Fom 1222
12074 @ARRANCEAREASINGRIDFORM MATCHNGERRGRINAP [ ** Joix READ RECIFE 19
= GRIDINTERVAL: [ : vl [ HAGNGOVERLAY EVALURTON 1
SETAREA MANUALLY
% : '209 1217 1225
: FROCESSNG PRAUETER NPUT> <EP NEASUREMENT RESLLT> o
4 T DRSIOATE DISTANCE BETREENZPs: E.:j+ ‘
e i*{]mwEEP\NMC—!ON\ALIGVMB\HI)F/O(‘\ PDSSIELETOB I CORSTERMIGORIATON 15 &Y o iy w&"&“ A
(4] M = -
CLOSETOEPINHCHOY AVGRMEN OF K| SPOSIBLE [ CONSDER PAITERNOEFORMATON o/ e R
DISTAI‘JCEBEW\EE‘!EPMTHCCASEE\ ™ DDECTDMALN Skt =l w | o
2 ] DESIGATE EP AT NPATIERNWOTH; 7 4 >
" EXFECTED MMMUMROUNDING o
| C5E4R0H FOR EP SIMLAR To DESIGNATED P& AMOUAT OF CORNER PORTON: [+ non @ VAFER DISPLAY
OSUGTIYREVSEDESOWTEDEP AS NTALVALE
= EXPECTED NAXIMUM o
12134 | : SHIFT AMOUNT OF PATTERN: m
READEP LiST : :
. — - T NECESSARILY INCLUDE OPPOSITE EDGESNEP f
12141 | 1? cc(cgrﬂgls IMGAGAMWrICATIOV T
] - BOTXADYDRECTONSCAVEE
2 (¢4, 2] EV VATED
H ¥ H
& ENLARGENENT DISPLAY 1 1228
N T« FIVEC IO DOTT I O
] l L 1229 1230 1 A
g ) 4L
& & / =
wedunze
- - :
6 H ni: ﬂ’
- L]
L1118 1]
" d g o
" 4 o
- 1235 1236
E .:E: ':EJ 1234 |
v
« >




U.S. Patent Nov. 8, 2016 Sheet 9 of 16 US 9,488,815 B2

FIG. 13

FIG. 14

1403

1402

1401



U.S. Patent Nov. 8, 2016 Sheet 10 of 16 US 9,488,815 B2

FIG. 15
(a)

L501 1302 1503 1504 1503 1506 1507 1508
MASK EXPOSURE/ SEM SEM
MASK PATTERN ETCHING SEM SEM .
RENDERING DEVELOPING CONTROL CONTROL
DESIGN DEVICE DEVICE DEVICE DEVICE DEVICE (4) DEVICE (A) DEVICE (B) DEVICE (B)

S 1515 IMAGING! IMAGE PROCESSING
EDA TOOL DATABASE IMAGING/
SERVER SERVER MEASUREMENT | | MEASUREMENT SERVER
REOCIPE CREATING | | RECIPE SERVER | | (SHAPE MEASUREMENT/

o DATABAGE 1511 PR T EVALUATION)
108 110 sz “
1513 1514

(b)

L3501 1502 1503 1504 (505 1507
Jad r Jad d o
MASK PATTERN WAGK EXPOSURE]
DESIGN RENDERING | | DEVELOPING| | ETCHING SEM SEM e
DESION ADERD VELGRY DEVICE DEVICE (%) DEVICE (8)

*l____lléllTﬁL

R e S =
GE PROCESSING F.-

IMA
gSHAPE MEASUREMENTIEVALUATION R 51
IMAGINGMEASUREMENT RECIPE MANAGEMENT, DATABASE 31
INTEGRATED SERVER FOR SEM CONTROL &
OPERATIONAL DEVICE

“
1516




US 9,488,815 B2

Sheet 11 of 16

Nov. 8, 2016

U.S. Patent

FIG. 16

b)

(

1608

1601

(a)

Le0?

1602

1602

1601

\v\

1603

lllllllllllllllllllllllllllllll

llllllllll

(c)

A

A

l;lm 1607
7

1608 1611
1601\’&'\ ‘*




U.S. Patent Nov. 8, 2016 Sheet 12 of 16 US 9,488,815 B2

FIG. 17
(b) (©) (@

1720 1721 1922 1723

EP EP
1705\ 1709 1710 rne\
o 1711
1706, 17124
1767
¥ y MV ¥ 15
;t I 1784 1735 T
¥ G a >x ;’»" 1728
1927 K727 1727 177




U.S. Patent Nov. 8, 2016 Sheet 13 of 16 US 9,488,815 B2

FIG. 19

(b) (c)

1501 1902

1906 1902




U.S. Patent Nov. 8, 2016 Sheet 14 of 16 US 9,488,815 B2

FIG. 20
(@) ®

2002 2003 2004

2001 2002 2003 2004 2001

(b)

2001 2002 2003 2004

(c) 20056 20054  2005f  2005h
20070 20074 2007 2007h

(9)

2001 2002 2003 2004

20076 2007d  2007f  2007h t

e

2005b 20054 2005f 2005k

20056 2005d  2005f  2005h




US 9,488,815 B2

21

llllllllll oo o 64 A B 9% B A e s g e 4 e aa

Sheet 15 of 16

FIG

Nov. 8, 2016

U.S. Patent

)
i
m i
]
t 1 -
: ; e 2 8 %
=~ — A
H m..thwM i 4 o5 9
! ~ @ ! [ ....(u.....
( 'y & ' 2
' ...|\ﬂ....l ] £ 3 Y
H o~ ' = 3
] ] -
" - ; :
' @ 1 et ~t oo b
b =
" %M\; ,VA “ ot frsvarnat % HNJJI E
[e) oy i o ™ )
g n " % o e
S : o ] o 51 [
1] ] — P,
1 3 ™~ ~
" " ,
~
" : S5
“ “ N
Ve o 10 e 9 8 2 b o4 e o
‘1..’ \v\ olw m
— S, 7e) -~ —_ =t — -
X &
LY .. e = - o) Ao D) L
0 & - ~ ~ ﬁ\ = [ _.\
. ; o Wt - e
. x e} —
ToTTooTIT g Sy g TrmooTolos ; g ) o o
“m HH m H i : ' 0
t 1 ] 1 va
(I =T R = AP
il |
] 1
I ] N ol b g 2 |3 £
e T2 B _TT Trmt e ] LY 4 = u = t ._
- % - » 2 .l-.‘-ﬂ H ﬂ
- IO & a1
(ommannn PSR ey e R = = i =
[ (K ". “ i “ ~ x o VaM i .
] 2 »
el i H A ]| ; :
¥ I 3 1 1 a
] 1 ]
L, I caman I A J Lmemnan 3 mo& o 5
s .i..!.:.:.:.x rrrrrrrr piyiuiyhpiuiviyi -t
H i : ! i H g I B~ I e
ot - it 1 Fise ¥ -
e R
' 1
P ,
<] . i P =l
“ n ] i '
= B ot E b TR 4 i e e e ot
g & L
2 3
- =2
[} «~



U.S. Patent Nov. 8, 2016 Sheet 16 of 16 US 9,488,815 B2

FIG. 22
221\1’\ 2212 22!31
” B
E 7o X T o ad A
AT A LT " a
'O R I P e B PO el
4 4 4 4 4 f
221&\ 2215 2216\
~ : P AN ~ Wl Pal /
LD B LU 2 B S
44 4 f a7 Tf f B
4 4 4 £ 7« ha
221;1)\ 22113\ 2219
x A XX A/
)’ vl
A T 4 7 I /"/
*4 4 7 *f 4 ~ ?f /4
4 4 4 4 ot




US 9,488,815 B2

1

PATTERN EVALUATION METHOD AND
PATTERN EVALUATION DEVICE

TECHNICAL FIELD

A method of effectively inspecting an overlay of circuit
patterns formed on a wafer with a high degree of accuracy
using a scanning charged particle microscope in a semicon-
ductor device is provided.

BACKGROUND ART

In order to form a circuit pattern on a semiconductor
wafer, for example, a method of forming a circuit pattern by
coating a semiconductor wafer with a coating material called
a resist, placing an exposure mask (reticle) of a circuit
pattern on the resist, radiating visible light, ultraviolet light,
or electron beams from above, forming the circuit pattern by
the resist on the semiconductor wafer by exposing the resist
to light and developing the resist, and etching the semicon-
ductor wafer using the circuit pattern of the resist as a mask
has been employed.

In a semiconductor manufacturing process, when a circuit
pattern is formed on various kinds of thin films formed on
multiple layers, overlay accuracy between patterns of upper
and lower layers is an important evaluation item of affecting
the performance of a semiconductor device. As a method of
evaluating an overlay between patterns of upper and lower
layers, PTL. 1 (JP 6-202311 A) discloses a method of
acquiring an optical image of an overlay evaluation-dedi-
cated pattern formed on a wafer in advance and evaluating
a deviation amount between respective layers by image
analysis.

Further, as a pattern miniaturization technique, double
patterning (which is referred to as “DP”) of forming patterns
on the same layer by different exposure steps and imple-
menting high-density patterns has been put to practical use.
A double exposure technique which is one of the DP
techniques will be described. First, a resist is coated on a
wafer to form a first resist film, and a first pattern by the first
exposure is formed by exposing the first resist film to light
and developing the first resist film. Then, the first pattern is
frozen not to be exposed to light in second exposure. A resist
for the second exposure is coated thereon to form a second
resist film, and a second pattern between the first patterns is
formed by the second exposure. Using this technique, a
resist pattern can be formed at a pitch which is half a
minimum pitch at which a resist pattern can be formed by
single exposure. The DP is disclosed in PTL 2 as well.

As a method of evaluating an overlay between a first
pattern and a second pattern in the DP, PTL 2 (JP 2010-
177500 A) discloses a method of comparing information of
the layout in which the first pattern and the second pattern
to be arranged with an image obtained by imaging the
patterns based on the information of the layout.

CITATION LIST
Patent Literatures

PTL 1: JP 6-202311 A
PTL 2: JP 2010-177500 A

SUMMARY OF INVENTION
Technical Problem

It is an object of the present invention to provide a method
of closely estimating an overlay deviation between patterns
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2

of upper and lower layers (a first pattern formed on a lower
layer and a second pattern formed on an upper layer) or
between different exposure patterns (a first pattern formed
by the first exposure and a second pattern formed by the
second exposure) in the DP on a wafer plane in a semicon-
ductor device using a scanning charged particle microscope.
As patterns are miniaturized, a demand for strict overlay
accuracy is increasing, it is hard to ignore, for example, a
mask manufacturing error, and deformation within a shot at
the time of exposure (within an area exposed to light by
single exposure light radiation. One to several chips are
exposed by a single shot), and it is necessary to perform an
overlay evaluation in a plurality of points in an exposure
shot as well as a misalignment of all masks of each exposure
shot.

In the method using the overlay evaluation-dedicated
pattern formed on a wafer in advance which is disclosed in
PTL 1, it is necessary to distributedly arrange dedicated
patterns of a plurality of points within a shot, and thus there
are cases in which it is hard to arrange, depending on a
pattern layout. Further, in the method disclosed in PTL 2,
since an overlay evaluation is performed using a normal
circuit pattern other than a dedicated pattern, it is possible to
estimate a close deviation amount, but since a dedicated
pattern is not used, it is difficult to stably measure a deviation
amount with a high degree of accuracy at any position, and
there is a problem in a method of deciding and measuring an
evaluation point.

Solution to Problem

In order to solve the above problems, according to the
present invention, provided are a circuit pattern evaluation
system and a method having the following features. As a
result, it is possible to evaluate a close overlay deviation on
a wafer plane with a high degree of accuracy. Through the
following process, it is possible to automatically decide an
evaluation point (“EP”) or a measurement point in an EP
based on layout information through a computer. Through
the following process, it is possible for a user to decide an
evaluation point (“EP”) or a measurement point in an EP
manually other than automatically.

(1) Provided is a pattern evaluation method of evaluating
an overlay position between a first pattern formed on a
sample by a first manufacturing process and a second pattern
formed on the sample by a second manufacturing process
using an image obtained by imaging an evaluation point on
the sample through a scanning charged particle microscope,
and pattern evaluation method includes a step of estimating
imaging deviation allowed to evaluate an overlay position
on one or more evaluation point candidates based on pattern
layout information, a step of deciding one or more evalua-
tion points from among the evaluation point candidates
based on the allowed imaging deviation, a step of deciding
an imaging sequence for imaging the selected evaluation
point, and a step of evaluating an overlay position between
first and second patterns based on an image obtained by
imaging the evaluation point according to the imaging
sequence. Further, in the step of estimating the allowed
imaging deviation, the allowed imaging deviation is esti-
mated so that it does not fail to specify the first pattern and
the second pattern included in the evaluation point even
when an imaging deviation occurs.

Here, a difference between the first pattern and the second
pattern may be a layer difference such as upper and lower
layers or may be a difference of multiple exposure in DP.
Further, the number of patterns used to evaluate an overlay



US 9,488,815 B2

3

position may be two or more. For example, when patterns of
three layers (upper, middle, and lower layers) are shown in
an imaged image, it is possible to evaluate a deviation
among first to third patterns, and when triple exposure (triple
patterning) is performed as multiple exposure, it is possible
to evaluate a deviation among first to third patterns. Further,
when it is difficult to observe all patterns by single imaging,
an overlay evaluation can be performed by performing
imaging twice or more at timings of different manufacturing
processes. As the pattern layout information, for example,
pattern design data described in a GDSII format or an image
obtained by imaging a pattern using a scanning charged
particle microscope or an optical microscope may be used.

This feature will be further described. In imaging using a
scanning charged particle microscope, imaging deviation is
likely to occur. For this reason, an area including a pattern
in which it does not fail in evaluation even when the imaging
deviation occurs needs to be set as an evaluation point
(referred to as an “EP”), and to this end, imaging deviation
(which is referred to as “allowable imaging deviation™)
allowed to succeed in evaluation of an overlay position and
actually occurring imaging deviation (which is referred to as
“estimation imaging deviation”) need to be estimated in
each EP candidate and considered at the time of EP decision.
In other words, an EP satisfying a relation of allowable
imaging deviationzestimation imaging deviation is selected.
At this time, deviation of an exposure position of a pattern
to be evaluated, shape deformation of the pattern, or a
pattern change may be considered together. In other words,
an EP in which it does not fail in evaluation of an overlay
position even on an assumed pattern change is decided. The
pattern layout information is used for estimation of the
allowable imaging deviation. It is because the allowable
imaging deviation differs according to a shape or an arrange-
ment of patterns included in an EP. The estimation condition
of the allowable imaging deviation includes (A) a condition
in which it does not fail to specify the first pattern and the
second pattern on the same imaging deviation, (B) a con-
dition in which measurement positions of the first pattern
and the second pattern are included in a field of view on the
same imaging deviation, and the like. Particularly, there are
cases in which a first pattern and a second pattern in an
image are similar to each other in DP, the condition (A) is
important.

In estimation of the estimation imaging deviation, the
imaging sequence in the scanning charged particle micro-
scope needs to be considered. Here, the imaging sequence
will be further described. In order to image an EP with a high
resolution without position deviation, it is necessary to
image an EP after performing addressing or an image quality
adjustment instead of imaging an EP suddenly. In a general
imaging sequence, first, a unique pattern called an address-
ing point (which is referred to as “AP”) is imaged, and a
stage error or the like is estimated, or an auto-focus point
(which is referred to as “AF”) is imaged, a focus of charged
particle beams is adjusted, and then an EP is imaged. For this
reason, the imaging deviation changes, for example, accord-
ing to whether there is an appropriate AP. In deciding the
imaging sequence, it is effective to utilize the pattern layout
information since it is necessary to understand a pattern
present around an EP.

From the above, it is effective to decide an EP and an
imaging sequence in view of each other. In other words, for
each EP candidate, it is necessary to set an imaging sequence
so that the estimation imaging deviation is the allowable
imaging deviation or less, whereas when it is hard to set an
imaging sequence in which the estimation imaging deviation
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is small, it is necessary to select an EP in which the
allowable imaging deviation is large. When it is possible to
input the allowable imaging deviation or the estimation
imaging deviation in advance, it is possible to give the
deviation as a processing parameter and perform the pro-
cessing similarly.

Further, in decision of an EP, an imaging condition of an
EP may be decided together in addition of a position of an
EP. The imaging condition includes a field of view (imaging
range or imaging magnification) of an EP, a probe current,
an acceleration voltage, and a scanning direction of charged
particle beams. For example, when a lower layer pattern is
included in an EP, there are cases in which a pattern is not
vividly observed on an image when an acceleration voltage
is low. In this regard, when a lower layer pattern is included,
a high acceleration voltage is considered to be set. When
only patterns extending in the X direction are present in an
EP, an edge in the X direction can be sharply imaged when
the Y direction is set as the scanning direction of charged
particle beams to be radiated to a sample. For this reason, it
is effective to set a scanning direction according to a pattern
direction in an EP.

(2) In the step of deciding the evaluation point, as the
evaluation criterion for the evaluation point selection, (A)
deformation easiness of each portion of a pattern is evalu-
ated based on the layout information, and an evaluation
point is decided based on the deformation easiness of each
portion. Further, (B) both right and left edges of a pattern
when the overlay position in the x direction is evaluated or
both upper and lower edges of a pattern when the overlay
position in the y direction is evaluated are included within
the evaluation point for each of the first pattern and the
second pattern.

This feature will be further described. In the item (1), the
method of deciding an EP in view of robustness of an
overlay evaluation on imaging deviation has been described,
but the present item (2) is a method of considering robust-
ness of an overlay evaluation on pattern deformation. Even
when a pattern suitable for measurement is determined to be
included in an EP based on a pattern shape in design data,
there are cases in which it is actually difficult to perform
stable overlay evaluation due to pattern deformation. As
kinds of assumed pattern deformation, there are an increase/
decrease in a pattern width, a recess of a line end, rounding
of a corner portion, a pattern shift (parallel shift), and the
like. In this regard, in the item (A), based on deformation
easiness of each portion of a pattern, an EP is decided to
include a portion which is unlikely to be deformed and a
portion in which it does not fail in measurement although the
portion is deformed so that stable measurement can be
performed.

The item (B) is a method of deciding an EP in view of
robustness, particularly, on an increase/decrease in a pattern
width among assumed pattern deformation. When an
increase/decrease of a pattern width is assumed to occur
symmetrically when viewed from the center of the pattern in
the first pattern and the second pattern, a deviation amount
in central portions of the first pattern and the second pattern
is considered not to significantly depend on an increase/
decrease of a pattern width. Since edges of both opposite
sides (upper and lower edges or right and left edges) of a
pattern are necessary in order to obtain a position of a central
portion of a pattern, it is effective to set an EP to include
edges of both sides.

In the above method, an EP is decided in view of
measurement easiness, but an EP may be decided while
considering a point of view of measuring a pattern critical to
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device characteristics together. For example, an area includ-
ing a pattern in which pattern deviation is determined to be
likely to occur based on, for example, a lithography simu-
lation installed in an Electronic Design Automation (EDA)
tool may be preferentially selected as an EP. Alternatively,
when position deviation occurs between a contact hole and
an interconnection pattern electrically connecting upper and
lower layers of stacked layers or position deviation occurs
between a gate interconnection and an active layer in a
transistor, this directly affects a change in device character-
istics, and thus this area may be preferentially selected as an
EP.

(3) When the first pattern is the lower layer pattern and the
second pattern is the upper layer pattern in connection with
stacked layers on the wafer, in the step of deciding the
evaluation point, invisibility of the lower layer pattern by the
upper layer pattern is estimated based on the layout infor-
mation, and the evaluation point is decided in view of the
invisibility.

This feature will be further described. Even when a
pattern suitable for measurement is present in a lower layer,
there are cases in which the pattern is hidden by an upper
layer, and it is difficult to use the pattern in the imaged
image. For this reason, invisibility of a pattern is estimated
based on layout information and considered at the time of EP
selection. Further, a lower layer does not overlap an upper
layer pattern in layout information such as design data, but
an actual pattern thereof may overlap an upper layer pattern
due to pattern transfer position deviation. For this reason, it
is effective to evaluate invisibility easiness of a pattern in
view of a distance between an upper layer pattern and a
lower layer pattern and consider it at the time of EP
selection.

(4) In the step of deciding the evaluation point, plurality
of EPs may be decided in view of an in-plane distribution of
evaluation points on the sample. Specifically, (A) a plurality
of areas are set on a sample, and at least one evaluation point
is decided within each of the areas. Alternatively, (B) a
condition related to a distance between two arbitrary evalu-
ation points is given, and a plurality of evaluation points are
decided to satisfy the condition.

This feature will be further described. In order to evaluate
an overlay position in a plane, it is necessary to arrange EPs
at an appropriate density within an evaluation range. In this
case, when an arrangement is imbalanced, an area in which
EPs are arranged at a low density decreases evaluation
accuracy, and an area in which EPs are arranged at a high
density results in a redundant evaluation. For this reason, for
example, EPs are considered to be arranged at equal inter-
vals in a grid form, but a pattern suitable for an overlay
position evaluation is not necessarily present in each of EPs
which are arranged in this way.

In this regard, in the item (A), a plurality of areas having
a certain range in which each EP can be arranged are set.
Since an EP can be set at any point in each of the areas, an
EP in which overlay evaluation is possible is selected in each
of the areas, for example, from a point of view of the item
(1). Here, when areas in which each EP can be arranged are
arranged in a plane, for example, at regular intervals, an EP
in which overlay evaluation is possible can be arranged
without significant imbalance in a distribution.

The item (B) is another example of solving the same
problem, and a condition related to a distance between two
arbitrary EPs, for example, a condition in which a distance
between EPs is between A um and B um is given, and an EP
candidate satisfying the corresponding condition is selected
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as an EP in which overlay evaluation is possible, and thus
the overlay evaluation accuracy and the distribution without
imbalance can be achieved.

(5) In the step of deciding the evaluation point, the
evaluation point is decided by designating at least one or
more evaluation points in advance, and searching another
evaluation point including a pattern similar to a pattern
included in the evaluation point based on the designated
evaluation point.

This feature will be further described. An EP can be
selected from various points of view according to an inten-
tion of the user who is an evaluator. Further, the EP differs
according to a kind of a semiconductor device, a process or
the like. However, since the overlay evaluation is performed
at a plurality of positions, a task of registering a large
amount of EPs to a recipe is not easy for the user. In this
regard, a mechanism in which the user can input a desired
EP is provided, and an EP similar to the input EP is
automatically extracted as an EP candidate based on layout
information. Thus, the user can save time and efforts of
selecting a large amount of remaining EPs by inputting
several EPs, and it is possible to rapidly cope with an EP
selection criterion which differs according to the user, a
kind, or a process.

Further, the user can designate all of the plurality of EPs.
In this case, it is evaluated whether an EP designated by the
user is an EP suitable for the overlay evaluation from a point
of view of the items (1) to (4) or the item (6) which will be
described later based on the layout information. If necessary,
a process such as slightly shifting an EP position designated
by the user to a position determined to be appropriate for the
overlay evaluation or slightly changing the size of an EP can
be performed. In this case, since an accurate position or size
is automatically optimized only by designating an approxi-
mate EP position by the user, time and efforts can be saved.

(6) In the step of deciding the evaluation point, a mea-
surement point used to evaluate the overlay position in the
evaluation point is decided based on the pattern layout
information. Further, similarly, the step of deciding the
evaluation point includes a process of deciding a processing
method of evaluating an overlay position in the evaluation
point based on the pattern layout information for each
evaluation point, and alternatives of the processing method
include at least a method of imaging the evaluation point,
comparing an obtained image with design data, and evalu-
ating an overlay position (the processing method A) and a
method of imaging the evaluation point, recognizing a
pattern from an obtained image by image processing, and
evaluating an overlay position (the processing method B).

This feature will be further described. There are a plural-
ity of patterns in a decided EP, but it is necessary to measure
a distance between the first pattern and the second pattern for
the overlay evaluation. According to circumstances, there
are cases in which all patterns are used for measurement of
the distance, but, for example, distance measurement may be
performed excluding a position at which pattern deformation
is likely to occur as described above in the item (2). For this
reason, the measurement point is decided for each evaluation
pattern based on the layout information.

Furthermore, the processing method of obtaining the
distance may be decided for each evaluation pattern. The
process using design data as described above (the processing
method A) and the process of obtaining a measurement
value directly from an image as the above item (the pro-
cessing method B) have advantages and disadvantages
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according to a pattern included in an EP, it is effective to
decide the processing method for each EP based on the
layout information.

On the other hand, in the step of deciding an EP, the user
can designates the processing method for obtaining the
distance in advance, and based on the layout information, an
area in which the measurement value can be obtained by the
processing method can be selected as an EP. Particularly, in
processing of the processing method B, design data need not
be used, and thus there may be the user who desires to select
only an area in which processing of the processing method
B is possible as an EP. In this case, at the time of recipe
generation, for example, an EP is decided using design data,
but there is a merit that it is unnecessary to handle design
data at the time of imaging/measurement using a scanning
charged particle microscope.

(7) In the step of deciding the evaluation point, a manu-
facturing process used to form an edge for each pattern edge
is obtained as attribute information, and an evaluation point
is decided based on the attribute information so that an edge
formed by the first manufacturing process and an edge
formed by a second manufacturing process are included in
a field of view.

This feature will be further described. For example,
transfer deviation between a first pattern transferred to a
lower layer and a second pattern transferred to an upper
layer in an overlay between layers is considered to be
evaluated. Here, a part of the second pattern is assumed to
have been removed by the cutting process. Here, there are
cases in which it is difficult to evaluate the deviation even
when a distance between an edge of the first pattern present
on the lower layer and an edge of the second pattern present
on the upper layer is simply measured. There are cases in
which an edge of the second pattern used for measurement
is formed by the cutting process, and deviation obtained in
this case is deviation between the first pattern and the pattern
of the cutting process. As described above, when deviation
between two desired layers is evaluated, instead of simply
selecting edges of the patterns present on the two layers and
measuring the distance, it is necessary to select an edge used
for measurement while considering a manufacturing process
of forming an edge together. To this end, manufacturing
process information is given for each edge as attribute
information, and a combination of measurement target edges
is decided based on the attribute information. This is not
limited to the evaluation of the overlay deviation between
layers, and is effective even when evaluating deviation
among a plurality of processes between patterns formed on
the same layer by a plurality of processes such as DP and
self-aligned double patterning (SADP). The additional con-
sideration of the attribute information is effective when a
computer automatically decides an EP or a measurement
point in an EP based on layout information, but it is also very
effective even when the user decides an EP or a measure-
ment point in an EP manually other than automatically. It is
because there are cases in which it is difficult to anticipate
a formed edge and a manufacturing process of forming the
edge based on layout information of a pattern to be finally
formed. Further, even when it is possible to anticipate it,
knowledge related to a process or specifying pattern position
is necessary for anticipation. Thus, as the layout information
and the attribute information are shown to the user through
a GUI or the like, it helps the user decide an EP or a
measurement point in an EP.

(8) In the step of deciding the evaluation point, when the
overlay position in the x direction is evaluated, first and
second evaluation points are decided so that at least one of
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right and left edges of the first pattern and one of right and
left edges of the second pattern are included in the first
evaluation point, and one of the right and left edges of the
first pattern and one of the right and left edges of the second
pattern are included in the second evaluation point, and the
overlay deviation is evaluated using the first and second
evaluation points. Here, a direction of a pattern included in
the first evaluation point and a direction of a pattern edge
included in the second evaluation point are reversed right
and left in the first and second patterns.

Similarly, when the overlay position in the y direction is
evaluated, first and second evaluation points are decided so
that at least one of upper and lower edges of the first pattern
and one of upper and lower edges of the second pattern are
included in the first evaluation point, and one of the upper
and lower edges of the first pattern and one of the upper and
lower edges of the second pattern are included in the second
evaluation point, and the overlay deviation is evaluated
using the first and second evaluation points. Here, a direc-
tion of a pattern edge included in the first evaluation point
and a direction of a pattern edge included in the second
evaluation point are upside down in the first and second
patterns.

This feature will be further described. When the overlay
evaluation is performed using a normal circuit pattern other
than an overlay evaluation-dedicated pattern, it depends on
a pattern layout whether there is an EP including a pattern
suitable for overlay evaluation, and there is not necessarily
a desired EP. For this reason, when the in-plane distribution
of'the overlay deviation is evaluated using an actual pattern,
(problem 1) how to extract many EPs without imbalance and
(problem 2) how to be able to calculate information effective
for estimation of the in-plane distribution of the overlay
deviation even when the number of extracted EPs is small
remain to be solved. The present item is a process effective
for the problem 1. In the item (2), as an example of an EP
selection evaluation criterion, there is “(B) when the overlay
position in the x direction is evaluated, both right and left
edges of a pattern are included in the respective evaluation
points, and when the overlay in the y direction position is
evaluated, both upper and lower edges of a pattern are
included in the respective evaluation points,” for each of the
first pattern and the second pattern, but there are cases in
which little EP including all of a group of edges necessary
for measurement in a field of view depending on a pattern
layout. On the other hand, a method of increasing a possi-
bility that there will be an EP satisfying the criterion by
lowering an imaging magnification of an EP and increasing
a field of view of an EP so that many patterns are included
in a field of view is considered. Here, since the imaging
magnification and the measurement accuracy are in the
trade-off relation, there is a limitation to increase a field of
view. In this regard, instead of estimating a deviation amount
based on a single EP, a method of estimating a deviation
amount based on two EPs is considered. In other words,
there are cases in which when a group of edges necessary for
measurement of deviation which is not included in a field of
view in a single EP are divided into a first EP and a second
EP and then imaged, all of a group of edges can be included
in a field of view. Here, it is discovered that in order to
prevent a deviation measurement value from being affected
by an increase/decrease in a pattern width or imaging
deviation of two EPs, it is necessary to image a group of
edges necessary for measurement in the first EP and the
second EP by the above-described combination. As two EPs
are imaged to measure a single deviation amount as
described above, the throughput of measurement decreases,
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but alternatives of EPs satisfying a measurement criterion
increase, and a close in-plane deviation distribution is likely
to be estimated without imbalance.

(9) In the step of deciding the evaluation point, a plurality
of'evaluation points in which a direction in which an overlay
position is evaluable is set for each evaluation point are
decided, and in the step of evaluating the overlay position,
an overlay deviation vector at desired coordinates is calcu-
lated based on overlay deviation in a direction in which the
overlay position is evaluable which is measured in each of
the plurality of evaluation points.

This feature will be further described. The present item is
effective to “(problem 2) how to be able to calculate infor-
mation effective for estimation of the in-plane distribution of
the overlay deviation even when the number of extracted
EPs is small” described above in item (7), and a two-
dimensional deviation vector (in the x and y directions) at
certain coordinates is estimated by performing an interpo-
lation process on the measurement value based on a mea-
surable direction in each EP and a measured deviation
amount. Even when the EP distribution is sparse or imbal-
ance, it is possible that the close in-plane deviation distri-
bution without imbalance can be estimated to some extent.
Here, since reliability of the measurement value obtained by
the interpolation process is not necessarily high, estimation
reliability is calculated for each estimated deviation vector.
When a deviation evaluation result is fed back to a semi-
conductor manufacturing device or the like to correct the
deviation, a degree of adding a deviation vector can be
controlled according to the reliability. As a method of
calculating the reliability, a difference between interpolation
and extrapolation in an interpolation process, a distance
between an EP and an interpolation point, or the like may be
used.

(10) In the step of deciding the evaluation point, evalu-
ation point candidates are displayed according to the attri-
bute information of the evaluation point. The attribute
information described here includes not only the attribute
information related to the manufacturing process described
in item (7) but also attribute information (A) to (G) which
will be described later.

This feature will be further described. In EP decision, it is
effective to show a plurality of EP candidates to the user and
enable the user to select an EP candidate from among the EP
candidates, instead of automatically selecting all EPs. As a
method of giving the user determination information for EP
selection, positions of EPs on a wafer may be plotted and
displayed in order to understand an in-plane distribution of
EPs.

Further, various kinds of information decided in (1) to (9)
can be displayed as the attribute information of the EP
candidate. Examples of the attribute information include (A)
allowable imaging deviation/estimation imaging deviation,
(B) an imaging sequence/imaging condition/assumed imag-
ing period of time, (C) deformation easiness of pattern used
as a reference of evaluation stability, (D) invisibility of a
pattern or invisibility easiness by deformation of a pattern,
(E) a processing method of an evaluating measurement
point/overlay position, (F) a direction of an evaluable over-
lay position, and (G) a manufacturing process of forming
each pattern edge included in an EP. The direction of the
evaluable overlay position of the item (F) is information
representing that only an overlay position in the X direction
or the Y direction is evaluable, that overlay positions in both
X and Y directions are evaluable, or that an overlay position
in an A° direction is evaluable. For example, when only a
pattern edge changing in the X direction is included in an EP
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candidate, it is not possible to evaluate the overlay position
in the Y direction. This information can be obtained by
analyzing the layout information of the EP candidate.

Advantageous Effects of Invention

In order to understand a close in-plane distribution of an
overlay position in a semiconductor device, a circuit pattern
other than a dedicated pattern needs to be used as well.
However, it is not easy to determine an area which is imaged
and used for an excellent evaluation, and it is not easy to
perform a task of registering a large amount of evaluation
points to an imaging recipe. According to the present inven-
tion, it is possible to automatically create a recipe (set an
evaluation point, an imaging sequence, and a measurement
point/processing method) satisfying measurement require-
ments at a high speed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a processing sequence
according to the present invention.

FIG. 2 is a diagram illustrating a configuration of an SEM
device for implementing the present invention.

FIG. 3 is a diagram illustrating a method of imaging a
signal amount of electrons emitted from a semiconductor
wafer.

FIGS. 4(a) and 4(b) are diagrams illustrating an imaging
sequence in an SEM device.

FIGS. 5(a) to 5(d) are diagrams illustrating a method of
deciding an evaluation point and an imaging sequence in
view of imaging deviation.

FIGS. 6(a) to 6(d) are diagrams illustrating a method of
deciding an evaluation point in view of pattern deformation.

FIGS. 7(a) to 7(d) are diagrams illustrating a method of
deciding an evaluation point in view of pattern deformation.

FIGS. 8(a) to 8(e) are diagrams illustrating a method of
deciding an evaluation point in view of invisibility of a
pattern.

FIGS. 9(a) to 9(d) are diagrams illustrating a method of
deciding an evaluation point in view of an in-plane distri-
bution.

FIGS. 10(a) and 10(b) are diagrams illustrating a method
of deciding an evaluation point based on user designation.

FIGS. 11 (a) and 11(4) diagram illustrating a variation of
a measurement point/processing method.

FIG. 12 is a diagram illustrating a GUI according to the
present invention.

FIG. 13 is a diagram illustrating a GUI according to the
present invention.

FIG. 14 is a diagram illustrating a GUI according to the
present invention.

FIGS. 15(a) and 15(b) are diagrams illustrating a con-
figuration of a device system for implementing the present
invention.

FIGS. 16(a) to 16(c) are diagrams illustrating a method of
evaluating an in-plane distribution of a deviation vector.

FIGS. 17(a) to 17(d) are diagrams illustrating a variation
of an evaluation point.

FIGS. 18(a) to 18(c) are diagrams illustrating a method of
calculating and displaying reliability of a deviation vector.

FIGS. 19(a) to 19(%) are diagrams illustrating a method of
allocating attribute information related to a manufacturing
process to each edge and deciding a measurement point
based on the attribute information.

FIGS. 20(a) to 20(g) are diagrams illustrating a method of
allocating attribute information related to a manufacturing
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process to each edge and deciding a measurement point
based on the attribute information.

FIGS. 21(a) to 21(c) are diagrams illustrating a method of
measuring a deviation amount based on two evaluation
points.

FIG. 22 is a diagram illustrating a distribution of a
deviation vector in a wafer plane, a shot, or a chip plane.

DESCRIPTION OF EMBODIMENTS

The present invention provides a method of effectively
inspecting an overlay of circuit patterns formed on a wafer
with a high degree of accuracy using a scanning charged
particle microscope in a process of designing or manufac-
turing a semiconductor device. In other words, provided is
a method of closely estimating an overlay deviation between
patterns of upper and lower layers (a first pattern formed on
a lower layer and a second pattern formed on an upper layer)
or between different exposure patterns (a first pattern formed
by the first exposure and a second pattern formed by the
second exposure) in DP on a wafer plane. This evaluation
result is fed back to a correction parameter, pattern design
data, or the like in a semiconductor manufacturing device
such as an exposure device, and thus an improvement in
exposure pattern overlay position accuracy and an increase
in a process margin are expected.

Hereinafter, exemplary embodiments of the present
invention will be described using a scanning electron micro-
scope (SEM) which is a sort of the scanning charged particle
microscope as an example. Examples of the scanning elec-
tron microscope include a critical dimension scanning elec-
tron microscope (CD-SEM) and a defect review scanning
electron microscope (DR-SEM). However, the present
invention is not limited to these examples, and can be
applied to a scanning charged particle microscope such as a
scanning ion microscope (SIM) as well. Further, the present
invention is not limited to semiconductor devices, and can
be applied to inspection of a sample having patterns which
need to be subjected to overlay evaluation. Further, the
following description will proceed in connection with, par-
ticularly, an embodiment in which an overlay deviation
between a first pattern and a second pattern in an XY
direction is evaluated, but as a variation of an overlay
evaluation, an evaluation for a rotation between patterns and
an evaluation for a change (transfer magnification) in a size
between patterns are also included.

1. Image Imaging Device

1.1 SEM Components

An exemplary evaluation system according to the present
invention is illustrated in FIG. 2. FIG. 2 illustrates an
embodiment using an SEM as an exemplary scanning
charged particle microscope that images a sample to be
evaluated, and is a block diagram illustrating components of
an SEM that acquires a secondary electron image (SE
image) or a back-scattered electron image (BSE image) of a
sample. Further, an SE image and a BSE image are referred
to as collectively an “SEM image.” Further, an image
acquired herein includes some or all of top-down images
obtained by radiating electron beams to a measurement
target in a vertical direction or tilt images obtained by
radiating electron beams to a measurement target in an
arbitrary oblique direction.

An electron optical system 202 includes an electron gun
203 therein, and generates electron beams 204. The electron
beams emitted from the electron gun 203 are finely nar-
rowed by a condenser lens 205, and then a radiation position
of the electron beams and an aperture are controlled by a
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deflector 206 and an objective lens 208 so that the electron
beams are radiated to be focused on a semiconductor wafer
201 serving as a sample placed on a stage 221. Secondary
electrons and back-scattered electrons are emitted from the
semiconductor wafer 201 to which the electron beams are
radiated, and the secondary electrons separated from the
trajectory of the radiated electron beams by an ExB deflector
207 are detected by a secondary electron detector 209.
Meanwhile, the back-scattered electrons are detected by
back-scattered electron detectors 210 and 211. The back-
scattered electron detectors 210 and 211 are installed in
different directions to each other. The secondary electrons
and the back-scattered electrons detected by the secondary
electron detector 209 and the back-scattered electron detec-
tors 210 and 211 are converted into digital signals by analog
to-digital (A/D) converters 212, 213, and 214, input to a
processing/control unit 215, stored in an image memory 217,
and subjected to image processing according to a purpose by
a central processing unit (CPU) 216. FIG. 2 illustrates an
embodiment in which two back-scattered electron image
detectors are provided, but no back-scattered electron image
detector may be provided, the number of back-scattered
electron image detectors may be decreased or increased, or
a detection direction may be changed.

FIG. 3 illustrates a method of imaging a signal amount of
electrons emitted from a semiconductor wafer when a semi-
conductor wafer 307 is scanned and irradiated with electron
beams. As illustrated in the left of FIG. 3, electron beams
301 to 303 and 304 to 306 are scanned and radiated in x and
y directions. It is possible to change a scanning direction by
changing a deflection direction of electron beams. Positions
on the semiconductor wafer irradiated with the electron
beams 301 to 303 scanned in the x direction are denoted by
G1 to G3. Similarly, positions on the semiconductor wafer
irradiated with the electron beams 304 to 306 scanned in the
y direction are denoted by G4 to G6. A signal amount of
electrons emitted in the positions G1 to G6 are brightness
values of pixels Hl to H6 (suffixes 1 to 6 in G and H
correspond to each other) in an image 309 illustrated in the
right of FIG. 3. A reference numeral 308 denotes a coordi-
nate system (which is referred to as an “Ix-ly coordinate
system”) representing the x and y directions on the image.
As described above, the image frame 309 can be obtained by
scanning an area in a field of view with the electron beams.
Further, practically, a high S/N image can be obtained by
scanning the area in a field of view with electron beams in
the same manner and averaging obtained image frames. The
number of frames to be added can be arbitrarily set.

In FIG. 2, the processing/control unit 215 is a computer
system including the CPU 216 and the image memory 217,
and transmits a control signal to a stage controller 219 or a
deflection control unit 220 to image an area including a
circuit pattern serving as an evaluation target based on an
imaging recipe as evaluation pattern or performs various
kinds of image processing or processing/control on an image
obtained by imaging an arbitrary evaluation pattern on the
semiconductor wafer 201.

The details of the imaging recipe will be described later.
The measurement recipe is a file designating an image
processing algorithm or a processing parameter used to
measure a shape of a pattern or evaluate an overlay of a
pattern or the like using an imaged SEM image, and an SEM
processes an SEM image based on the measurement recipe
to obtain an evaluation result. The imaging recipe and the
measurement recipe are collectively referred to as simply a
“recipe” when they are not distinguished from each other.
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Further, the processing/control unit 215 is connected with
a processing terminal 218 (which includes an input/output
unit such as a display, keyboard, or a mouse), and includes
a graphic user interface (GUI) for displaying an image or the
like for the user or receiving an input from the user. A
reference numeral 221 denotes an XY stage, and moves the
semiconductor wafer 201 so that an image at an arbitrary
position on the semiconductor wafer can be imaged. Chang-
ing an imaging position by the XY stage 221 is referred to
as “stage shift,” and changing an observation position, for
example, by deflecting electron beams by the deflector 206
is referred to as “image shift.” Generally, the stage shift is
wide in a movable range but low in positioning accuracy of
an imaging position, whereas the image shift is narrow in a
movable range but high in positioning accuracy of an
imaging position.

In FIG. 2, a recipe creating unit 222 is a computer system
including an imaging recipe creating device 223 and a
measurement recipe creating device 224. The recipe creating
unit 222 is connected with a processing terminal 225, and
includes a GUI for displaying a generated recipe for the user
or receiving a setting related to imaging or recipe generation
from the user.

The processing/control unit 215 can performs transmis-
sion and reception of information with the recipe creating
unit 222 via a network 228. A database server 226 including
a storage 227 is connected to the network, and may store and
share some or all of (A) design data (mask design data (the
absence/presence of optical proximity correction (OPC))
and design data of a wafer transfer pattern), (B) a simulation
shape of an actual pattern estimated from the mask design
data by a lithography simulation or the like, (C) generated
imaging/measurement recipe, (D) imaged image (an optical
microscope image and an SEM image), (E) imaging and
evaluation results (a measurement value of a pattern shape
of each portion of an evaluation pattern, a pattern contour, a
deformation amount of a pattern, an overlay deviation
amount or deviation direction between patterns, normality or
abnormality of an overlay position, or the like), and (F) a
decision rule of an imaging/measurement recipe in associa-
tion with a kind, a manufacturing process, a date and time,
a data acquiring device, or the like. Processes performed by
the processing/control unit 215, the recipe creating unit 222,
and the database server 226 may be divided and undertaken
by a plurality of devices by an arbitrary combination or may
be integrated and processed.

1.2 Imaging recipe

The imaging recipe is a file designating an imaging
sequence of an SEM. In other words, the imaging recipe
designates coordinates of an imaging area (which is referred
to as an evaluation point (EP)) to be imaged as an evaluation
target or an imaging sequence of imaging the EP with a high
resolution without position deviation. There are a plurality
of EPs on a wafer, and when the entire surface of a wafer is
inspected, the wafer is filled with EPs. FIG. 4(a) is a
flowchart illustrating a representative imaging sequence of
imaging an EP, and FIG. 4(b) illustrates imaging positions
corresponding to the representative imaging sequence. The
imaging sequence will be described below with reference to
FIGS. 4 (a) and 4(b).

First, in step 401 of FIG. 4(a), a semiconductor wafer
(201 in FIGS. 2 and 416 in FIG. 4()) serving as a sample
is attached to the stage 221 of the SEM device. In FIG. 4(b),
square frames which are drawn in the wafer 416 and denoted
by 417 to 420 represent chips, and a reference numeral 421
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denotes an enlarged chip 418. Further, a reference numeral
425 denotes a portion of the chip 421 which is enlarged
centering on an EP 433.

In step 402, through the stage shift, an image (which is
referred to as an OM image) is obtained by moving a field
of view of an optical microscope (not illustrated in FIG. 2)
attached to an SEM to an alignment pattern on a previously
designated wafer and imaging the alignment pattern on the
wafer by the optical microscope. A deviation amount of a
wafer is calculated by performing matching between previ-
ously prepared matching data (template) in the alignment
pattern and the OM image. In FIG. 4(b), an imaging range
of the alignment pattern is indicated by a thick frame 422.

In step 402, since an imaging magnification of the OM
image is low, there are cases in which the accuracy of the
deviation amount obtained by the matching is insufficient.
Thus, in step 403, an SEM image is imaged by radiating the
electron beams 204, and an alignment using the SEM image
is performed. The field of view (which is referred to as
“FOV™) of the SEM is smaller than the FOV of the optical
microscope, and thus a pattern to be imaged is likely to be
outside the FOV depending on the deviation amount of the
wafer, but since the deviation amount is made known by step
402, the radiation position of the electron beams 204 is
moved in view of the deviation amount. Specifically, first, in
step 404, the imaging position of the SEM is moved to an
alignment pattern imaging auto-focus pattern 423, imaging
is performed, an auto-focus adjustment parameter is
obtained, and an auto-focus adjustment is performed based
on the obtained parameter. Then, in step 405, the imaging
position of the SEM is moved to an alignment pattern 424,
imaging is performed, matching between previously pre-
pared matching data (template) in the alignment pattern 424
and an SEM image is performed, a more accurate wafer
deviation amount is calculated. FIG. 4(b) illustrates
examples of imaging positions of the alignment pattern 422
for the optical microscope, the alignment pattern imaging
auto-focus pattern 423 for the SEM, and the alignment
pattern 424 for the SEM. The imaging positions needs to be
selected while considering whether a pattern suitable for
performing an alignment or an auto-focus is included.

The alignments using the optical microscope and the SEM
in steps 402 and 403 are performed at a plurality of positions
on the wafer, and a large original point deviation of the wafer
or rotation of the wafer is calculated based on the position
deviation amounts obtained at the plurality of positions
(global alignment). FIG. 4(a) illustrates an example in which
the alignment is performed at Na positions (step 406), and
FIG. 4(b) illustrates an example in which the alignment is
performed at four positions of the chips 417 to 420. Here-
inafter, when the field of view is moved to desired coordi-
nates, the moving is performed to cancel the obtained
original point deviation and rotation.

After the wafer level alignment is completed, in step 407,
high-accuracy positioning (addressing) and an image quality
adjustment are performed on each evaluation pattern (EP),
and the EP is imaged. The addressing is performed to cancel
a stage shift error occurring when the field of view is moved
to each EP. Specifically, the stage shift to the EP 433 is
performed. In other words, the stage 221 is moved so that the
vertical incident position of the electron beams 204 can be
the center of the EP. The vertical incident position of the
electron beams is called move coordinates (hereinafter,
“MP”), and denoted by a cross mark 426. Here, the example
of setting the MP as the central position of the EP is
described, but the MP may be set around the EP. When the
MP 426 is decided, a field of view movable range 427 (a
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dotted frame) is decided only by the image shift without
moving the stage. Of course, even when the stage shift to the
MP is performed, a deviation corresponding to a stop error
of the stage shift occurs in practice. Then, in step 408, the
imaging position of the SEM is moved to an addressing
pattern imaging auto-focus pattern 428 (hereinafter, “AF”)
by the image shift, imaging is performed, an auto-focus
adjustment parameter is obtained, and an auto-focus adjust-
ment is performed based on the obtained parameter. Then, in
step 409, the imaging position of the SEM is moved to an
addressing pattern 429 (hereinafter, “AP”), imaging is per-
formed, matching between previously prepared matching
data (template) in the AP 424 and the SEM image is
performed, and a stage shift error is calculated. Through the
subsequent image shift, the field of view is moved to cancel
the calculated stage shift error. Then, in step 410, the
imaging position of the SEM is moved to the EP imaging AF
430 by the image shift, imaging is performed, an auto-focus
adjustment parameter is obtained, and an auto-focus adjust-
ment is performed based on the obtained parameter. Then, in
step 411, the imaging position of the SEM is moved to an
auto astigmatism pattern 431 (hereinafter, “AST”) by the
image shift, imaging is performed, an auto astigmatism
adjustment parameter is obtained, and an auto astigmatism
adjustment is performed based on the obtained parameter.
The auto astigmatism represents astigmatism correction
which is performed so that a cross-sectional shape of con-
verged electron beams has a spot shape in order to acquire
a non-deformed image at the time of SEM imaging. Then, in
step 412, the imaging position of the SEM is moved to an
auto brightness & contrast control pattern 432 (hereinafter,
“ABCC”) by the image shift, imaging is performed, an auto
brightness & contrast control adjustment parameter is
obtained, an auto brightness & contrast control adjustment is
performed based on the obtained parameter. The auto bright-
ness & contrast control represents performing a setting so
that, for example, the highest portion and the lowest portion
of an image signal have a full contrast or a contrast close
thereto, for example, by adjusting a parameter such as a
voltage value of a photomultiplier in the secondary electron
detector 209 in order to acquire a vivid image having an
appropriate brightness value and contrast at the time of EP
imaging. The moving of the field of view to the AF for the
AP, the AP for the EP, the AF, the AST, and the ABCC is
performed by the image shift, and thus these patterns need
to be set within the image shift allowable range 427.

After the addressing and the image quality adjustment are
performed in step 407, in step 413, the imaging position is
moved to the EP by the image shift, and imaging is per-
formed.

After all EPs are imaged, in step 415, the wafer is
detached from the SEM device.

In some cases, some of steps 404, 405, and 408 to 412 in
which the alignment and the image quality adjustment are
performed may be omitted, or an order thereof may be
changed.

Further, due to the problem in which a contaminant is
attached to a sample (contamination) by electron beam
radiation, the adjustment points (AP, AF, AST, and ABCC)
are generally set so that an EP does not overlap an imaging
area. When the same area is imaged twice, due to influence
of contamination, the second image becomes dark, a phe-
nomenon in which a line width of a pattern changes remark-
ably appears. For this reason, in order to maintain the pattern
shape accuracy of the EP used for evaluation of an evalu-
ation pattern, various kinds adjustments are performed using
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a pattern around an EP, and thus radiation of electron beams
to an EP is minimized by imaging an EP based on an
adjusted parameter.

In this imaging sequence, coordinates of various kinds of
imaging patterns (EP, AP, AF, AST, and ABCC), a size (a
field of view or an imaging magnification), an imaging order
(including a means for moving a field of view to each
imaging pattern (the stage shift or the image shift)), an
imaging condition (a probe current, an acceleration voltage,
a scanning direction of electron beams, or the like), and the
like are included. The imaging sequence is designated by the
imaging recipe. Further, matching data (template) used for
an alignment or addressing is also registered to the imaging
recipe. Furthermore, a matching algorithm (an image pro-
cessing method or an image processing parameter) in an
alignment or addressing can be registered to the imaging
recipe as well. The SEM images an EP based on the imaging
recipe.

2. Method of Evaluating Pattern Overlay

2.1 Outline

According to the present invention, provided is a method
of evaluating an overlay position between a first pattern
formed on a sample by a first manufacturing process and a
second pattern formed on the sample by a second manufac-
turing process using an image obtained by imaging the
evaluation point on the sample by an SEM, and the method
includes a step of estimating an imaging deviation allowed
to evaluate an overlay position on one or more evaluation
point candidates based on pattern layout information, a step
of deciding one or more evaluation points from among the
evaluation point candidates based on the allowed imaging
deviation, a step of deciding an imaging sequence used to
image the selected evaluation point, and a step of evaluating
an overlay position between the first pattern and the second
pattern from an image obtained by imaging the evaluation
point according to the imaging sequence.

Further, in the step of estimating the allowed imaging
deviation, the allowed imaging deviation is estimated so that
it does not fail to specify the first pattern and the second
pattern included in the evaluation point even when an
imaging deviation occurs.

Here, a difference between the first pattern and the second
pattern may be a layer difference such as upper and lower
layers or may be a difference of multiple exposure in DP.
Further, the number of patterns used to evaluate an overlay
position may be two or more. For example, when patterns of
three layers (upper, middle, and lower layers) are shown in
an imaged image, it is possible to evaluate a deviation
among first to third patterns, and when triple exposure (triple
patterning) is performed as multiple exposure, it is possible
to evaluate a deviation among first to third patterns. Further,
when it is hard to observe all patterns by single imaging, an
overlay evaluation can be performed by performing imaging
twice or more at timings of different manufacturing pro-
cesses. The following description will proceed with an
example in which an overlay between two patterns (first
pattern and second pattern) is evaluated.

FIG. 1 illustrates an overall processing flow according to
the present invention. First, in step 101, processing data and
a processing parameter are input. As the processing data,
pattern layout information serving as decision information
for EP candidate extraction is input (step 102). As the pattern
layout information, for example, pattern design data
described in a GDSII format or an image obtained by
imaging a pattern using a scanning charged particle micro-
scope or an optical microscope may be used. Further, as the
design data, any one of (A) mask design data (the absence/
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presence of optical proximity correction (OPC)), (B) design
data of a wafer transfer pattern, and (C) a simulation shape
of an actual pattern estimated from the mask design data by
a lithography simulation or the like may be used. The
following description will proceed with an example in which
(B) design data of a wafer transfer pattern is mainly used as
the layout information. Further, the layout information
includes the first pattern and the second pattern, and the first
pattern and the second pattern may be managed using a
single data file or may be managed using different data files.

Further, as one of the processing parameters, an EP
selection condition and a device condition may be input
(steps 103 and 104). The details of this input will be
described later. Then, in step 105, EP candidates which can
be used for overlay evaluation are extracted. An arbitrary
range in which close overlay evaluation is desired to be
performed may be set as an EP candidate extraction range,
and all EPs which can be used for the overlay evaluation
may be extracted in the range. Examples of the arbitrary
range include all chips in a plane, a plurality of chips of an
arbitrary combination, a range of a part in a chip, and a range
between chips. Particularly, in order to evaluate deformation
in a shot at the time of exposure, one to several chips in a
single shot in an area exposed by single exposure radiation
is considered to be a range in which the overlay evaluation
is desired to be performed. In this step, allowable imaging
deviation estimation, imaging sequence decision, and esti-
mation imaging deviation estimation are performed (steps
106 to 108).

Steps 106 to 108 will be further described. FIG. 5(a)
illustrates a selection example of an EP in which an overlay
evaluation is performed. In FIG. 5(a), first patterns formed
by the first exposure are indicated by patterns (for example,
circular patterns 501 and 513) hatched by oblique lines, and
second patterns formed by the second exposure are indicated
by white patterns (for example, circular patterns 502 and 514
and a cross pattern 503). In other words, the circular patterns
are arranged such that the first patterns and the second
patterns are alternately lined up. Here, an EP 505 (a thick
frame indicates an imaging range) is considered as an
evaluation point to be imaged using an SEM in order to
evaluate an overlay between the first pattern and the second
pattern. It is possible to evaluate a positional relation 504 of
the overlay, for example, based on the first pattern 501 and
the second pattern 502 from an imaged image of the EP. In
imaging using an SEM, imaging deviation is likely to occur.
For this reason, an area including a pattern in which it does
not fail in evaluation even when imaging deviation occurs
needs to be set as an EP, and to this end, imaging deviation
(which is referred to as “allowable imaging deviation™)
allowed to succeed in evaluation of an overlay position and
actually occurring imaging deviation (which is referred to as
“estimation imaging deviation”) need to be estimated in
each EP candidate and considered at the time of EP decision.
In other words, an EP satisfying a relation of allowable
imaging deviation estimation imaging deviation is selected.
At this time, deviation of an exposure position of a pattern
to be evaluated, shape deformation of the pattern, or a
pattern change may be considered together. In other words,
an EP in which it does not fail in evaluation of an overlay
position even on an assumed pattern change is decided. The
pattern layout information is used for estimation of the
allowable imaging deviation. It is because the allowable
imaging deviation differs according to a shape or an arrange-
ment of patterns included in an EP. The estimation condition
of the allowable imaging deviation includes (A) a condition
in which it does not fail to specify the first pattern and the

10

15

20

25

30

35

40

45

50

55

60

65

18

second pattern on the same imaging deviation, (B) a con-
dition in which measurement portions of the first pattern and
the second pattern are included in a field of view on the same
imaging deviation, and the like. Particularly, there are cases
in which a first pattern and a second pattern in an image are
similar to each other in DP, the condition (A) is important.

In FIG. 5(a), the first pattern and the second pattern are
displayed to look different as a hatched circle and a white
circle, but in an actual SEM image, there are cases in which
the first pattern and the second pattern are recognized as the
same pattern and not distinguished from each other. For this
reason, for example, when a pitch (510 in the x direction and
511 in the y direction) between the first pattern and the
second pattern is indicated by P, and an EP imaging devia-
tion of £P/2 occurs, it is hard to specify the first pattern and
the second pattern in the EP 505. Further, an expected
maximum imaging deviation in the EP is assumed to 508 in
the x direction and 509 in the y direction as illustrated in
FIG. 5(a). In this case, an actual imaging position with
respect to a set EP imaging position 505 may be a dotted
frame 512 due to the imaging deviation. In the dotted frame
512, for example, the patterns 513 and 514 are outside the
field of view. For this reason, when the imaging deviation is
considered when the EP 505 is set, the fact that the patterns
513 and 514 are unlikely to be used for overlay evaluation
has to be considered. As described above, it is necessary to
decide an EP position and a field of view (imaging range or
imaging magnification) in view of the imaging deviation.

In estimation of the estimation imaging deviation, the
imaging sequence in the scanning charged particle micro-
scope needs to be considered. Here, the imaging sequence
will be further described. In order to image an EP with a high
resolution without position deviation, it is necessary to
image an EP after performing addressing or an image quality
adjustment instead of imaging an EP suddenly. In a general
imaging sequence, first, a unique pattern called an address-
ing point (“AP”) is imaged, and a stage error or the like is
estimated, or an auto-focus point (“AF”) is imaged, a focus
of charged particle beams is adjusted, and then an EP is
imaged. For this reason, the imaging deviation changes, for
example, according to whether there is an appropriate AP. In
deciding the imaging sequence, it is effective to utilize the
pattern layout information since it is necessary to understand
a pattern present around an EP.

In FIG. 5(a), an AP 506 is set as the imaging sequence of
the EP 505. The AP 506 includes the unique second pattern
503 in the field of view, and the stage shift error can be
estimated when the AP 506 is moved by the stage shift.
Further, when a distance 507 between the EP 505 and the AP
506 is within the image shift allowable range, movement of
the field of view to the EP can be performed by the image
shift, and field of view deviation of an EP can be suppressed
within the image shift error. However, when a unique pattern
such as the pattern 503 is not present nearby the EP 505, it
is difficult to reduce the imaging deviation. On the other
hand, when the allowable imaging deviation of the EP is
larger than the stage shift error, it is unnecessary to perform
addressing in the imaging sequence (the AP 506 is unnec-
essary).

From the above, it is effective to decide an EP and an
imaging sequence in view of each other. In other words, for
each EP candidate, it is necessary to set an imaging sequence
so that the estimation imaging deviation is the allowable
imaging deviation or less, whereas when it is hard to set an
imaging sequence in which the estimation imaging deviation
is small, it is necessary to select an EP in which the
allowable imaging deviation is large. When it is possible to
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input the allowable imaging deviation or the estimation
imaging deviation in advance, it is possible to give the same
deviation as a processing parameter and perform processing
similarly.

Further, in decision of an EP, an imaging condition of an
EP may be decided together in addition of a position of an
EP (step 109 in FIG. 1). The imaging condition includes a
field of view (imaging range or imaging magnification) of an
EP, a probe current, an acceleration voltage, and a scanning
direction of charged particle beams. For example, when a
lower layer pattern is included in an EP, there are cases in
which a pattern is not vividly observed on an image when an
acceleration voltage is low. In this regard, when a lower
layer pattern is included, a high acceleration voltage is
considered to be set. Further, when only patterns extending
in the X direction are present in an EP, an edge in the X
direction can be sharply imaged when the Y direction is set
as the scanning direction of charged particle beams to be
radiated to a sample. For this reason, it is effective to set a
scanning direction according to a pattern direction in an EP.

Further, a measurement point in an EP or a processing
method may be decided together (step 110 in FIG. 1). The
measurement point is a portion of a pattern whose position
is measured by image processing in order to quantitatively
evaluate an overlay position in an EP, and the processing
method is an image processing method of measuring a
position. Referring to an EP 519 in FIG. 5(b), all pattern
edges in the EP, right and left edges of patterns 515 and 516
in the EP, a right or left edge, or a right edge of the pattern
515 and a left edge of the pattern 516 may be used as the
measurement point. Since there are cases in which a portion
around an image is distorted, only edges near the center of
an image may be used. Further, as the processing method,
there is an image processing method or a method of utilizing
design data. The details will be described later. The mea-
surement point or the processing method may be decided for
each EP.

FIG. 5(b) illustrates another selection example of an EP
used to perform overlay evaluation. Similarly to FIG. 5(a),
a first pattern is represented by a pattern (for example, 515)
hatched by oblique line, and a second pattern is represented
by a white pattern (for example, 516 or 517). In this
example, since the first pattern and the second pattern are
alternately arranged at pitches 521, 519 is considered to be
imaged as an EP, and a positional relation 518 between
patterns 515 and 516 is considered to be evaluated. Here,
since in the EP 519, patterns extend long in the y direction,
and there is no pattern edge changing in the x direction, only
the overlay deviation in the x direction can be evaluated.
However, when it is combined with a surrounding EP in
which only the overlay deviation in the y direction can be
evaluated, the overlay evaluation can be approximately
performed in the x and y directions. Further, since the EP
519 and patterns therearound do not change in the y direc-
tion in terms of layout data, the overlay evaluation in the x
direction can be performed in the EP even when the imaging
deviation in the y direction slightly occurs. For this reason,
an AP 520 is set as the imaging sequence of the EP 519. The
AP 520 includes the unique second pattern 517 in the field
of view in the x direction, and thus only the stage shift error
in the x direction can be estimated, but as described above,
it is not consequential when the allowable imaging deviation
in the y direction is larger than the stage shift error in the EP
519. Of course, since measurement position accuracy is
important in evaluating an overlay deviation distribution,
even in this case, when a pattern in which addressing can be
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performed in the x and y directions is present nearby an EP,
it is effective to set an AP including the pattern in the field
of view.

Then, EPs are decided from among the EP candidates
extracted in step 105 in FIG. 1 (step 111 in FIG. 1). Here, a
group of EPs decided step 111 may be identical to a group
of EP candidates extracted in step 105, or may be EPs which
are selected or finely revised from a group of EP candidates
shown to the user by the user. Then, the decided EPs are
registered to a recipe (step 112 in FIG. 1). Here, the imaging
sequence (decided in step 107), the imaging condition
(decided in step 109), and the measurement point/processing
method (step 110) for the EP may be registered to the recipe
as well. Based on the created recipe, a plurality of EPs are
sequentially imaged, measured, and subjected to overlay
deviation evaluation (step 113). In the measurement, the
positional relation between the first pattern and the second
pattern is measured, and then, for example, a deviation
amount from a design value can be evaluated.

An algorithm for implementing the above-described pro-
cessing content or processing content which will be
described later may be installed in a computer, and in this
case, the computer can automatically perform some or all
processes of steps 105 to 110 based on input processing data
and processing parameters.

2.2 EP Candidate Extraction

2.2.1 EP Decision in View of Pattern Deformation

According to the present invention, in the step (step 105
or step 111 in FIG. 1) of deciding the evaluation point,
deformation easiness of each portion of a pattern is evalu-
ated based on layout information as an evaluation criterion
for evaluation point selection, and an evaluation point is
decided based on the deformation easiness of each portion.

This feature will be further described. The method of
deciding an EP in view of robustness of overlay evaluation
on imaging deviation has been described above, but robust-
ness of overlay evaluation on pattern deformation can be
additionally considered. Even when a pattern suitable for
measurement is determined to be included in an EP based on
a pattern shape in design data, there are cases in which it is
actually difficult to perform stable overlay evaluation due to
pattern deformation. As kinds of expected pattern deforma-
tion, there are an increase/decrease in a pattern width, a
recess of a line end, rounding of a corner portion, a pattern
shift (parallel shift), and the like. In this regard, based on
deformation easiness of each portion of a pattern, an EP is
decided to include a portion which is unlikely to be
deformed and a portion in which it does not fail in mea-
surement although deformed so that stable measurement can
be performed.

FIGS. 6(a) and 6(b) illustrate a difference in a shape
between design data which is one of layout information and
a pattern actually formed on a wafer. In FIG. 6(a), design
data is rendered, and a lower layer pattern 602 and an upper
layer pattern 603 are included in an EP 601. FIG. 6(5)
illustrates an image obtained by imaging an actual pattern
corresponding to FIG. 6(a), and an actual pattern 606
corresponding to the lower layer pattern 602 and an actual
pattern 607 corresponding to the upper layer pattern 603 are
included in an EP 605 obtained by imaging a portion
corresponding to the EP 601. In the actual pattern, corner
portions of the pattern are rounded, and it is difficult to
measure the corner portions. Meanwhile, in areas which are
at a short distance from the corner portions and indicated by
dotted frames 604 and 608, pattern edges of a straight line
form extend, and shape deformation is considered to be
unlikely to occur although the corner portions are slightly
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rounded. For this reason, the overlay evaluation can be
stably performed using an edge surrounded by the dotted
frames 604 and 608. Shape deformation occurring as
described above can be predicted from design data using a
maximum rounding amount of the corner portion expected
in the actual pattern as an input, and an area 601 can be
extracted as an EP candidate together with decision of a
measurement point (in this case, the dotted frame 604
servers as the measurement point). As a simulation shape of
an actual pattern estimated from mask design data by a
lithography simulation or the like is used as the layout
information, an EP can be decided using a pattern close to
actual pattern shapes 606 and 607. In this case, since a
predicted error of a simulation occurs, it is effective to use
an expected shape deformation amount together.

Similarly, FIGS. 6(c) and 6(d) illustrate another example
showing a difference in a shape between design data and an
actual pattern. In FIG. 6(c), design data is rendered, a lower
layer pattern 610 and an upper layer pattern 611 are included
in an EP 609. FIG. 6(d) illustrates an image obtained by
imaging an actual pattern corresponding to FIG. 6(c), and an
actual pattern 613 corresponding to the lower layer pattern
610 and an actual pattern 614 corresponding to the upper
layer pattern 611 are included in an EP 612 obtained by
imaging a portion corresponding to the EP 609. The upper
layer pattern 614 is large in deformation in the actual pattern.
A portion of an actual pattern corresponding to a portion
bent in a crank form in design data gets blunt in shape due
to an optical proximity effect or the like at the time of
exposure. Further, in the actual pattern, an end portion of the
pattern is rounded, and a position is recessed as well. For this
reason, since there is no long straight line pattern suitable for
measurement, it is not suitable for stable measurement. By
predicting such deformation based on design data, an area
609 may not be extracted as an EP candidate or may be
extracted as an EP candidate having a low evaluation value.

Further, according to the present invention, in the step
(step 105 or step 111 in FIG. 1) of deciding the evaluation
point, as the evaluation criterion for the evaluation point
selection, right and left edges of a pattern when the overlay
position in the x direction is evaluated or upper and lower
edges of a pattern when the overlay position in the y
direction is evaluated are included within the evaluation
point for each of the first pattern and the second pattern.

This is a method of deciding an EP in view of robustness,
particularly, on an increase/decrease in a pattern width
among pattern deformation assumed in an actual pattern.
When an increase/decrease of a pattern width is assumed to
occur symmetrically when viewed from the center of the
pattern in the first pattern and the second pattern, a deviation
amount in central portions of the first pattern and the second
pattern is considered not to significantly depend on an
increase/decrease of a pattern width. Since edges of both
opposite sides (upper and lower edges or right and left
edges) of a pattern are necessary in order to obtain a position
of a central portion of a pattern, it is effective to set an EP
to include edges of both sides.

FIG. 7(a) illustrates an example in which an area 703 is
set as an EP used to evaluate an overlay between a lower
layer pattern 701 and the upper layer pattern 702 (the
patterns 701 and 702 are pattern shapes on an imaged
image). Here, a left end of the lower layer pattern 701 is
referred to as a left edge (an edge surrounded by a dotted
frame 721), and a right end thereof is referred to as a right
edge (an edge surrounded by a dotted frame 722). Similarly,
a left end of the upper layer pattern is referred to as a left
edge (an edge surrounded by a dotted frame 723), and a right
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end thereof is referred to as a right edge (an edge surrounded
by a dotted frame 724). In this example, by measuring a
distance 704 between the left edge of the lower layer pattern
and the left edge of the upper layer pattern, it is possible to
evaluate an overlay between the upper and lower layers.
However, this evaluation method is not robust to deforma-
tion of a pattern. FIG. 7(5) illustrates an example in which
an area 707 is set as an EP used to evaluate an overlay
between a lower layer pattern 705 and an upper layer pattern
706 (the patterns 705 and 706 are pattern shapes on an
imaged image), but is the same in setting data of a pattern
and a position of a set EP as FIG. 7(a). In this example, the
upper layer pattern 706 is thinner than the upper layer
pattern 702 due to a change in an exposure condition or the
like. Here, a decrease in the width of the upper layer pattern
symmetrically occurs when viewed from the center of the
pattern, and a positional relation between the actual upper
and lower layers does not change between FIGS. 7(a) and
7(b). However, as the upper layer pattern becomes thinner,
the position of the left edge of the upper layer pattern shifts,
and a distance 708 between the left edges of the upper and
lower layer patterns is larger than the distance 704. Thus, the
positional relation between the upper and lower layers is
determined to have changed between FIGS. 7(a) and 7(b) in
terms of the distance 708.

In order to solve this problem, an EP and a measurement
point illustrated in FIG. 7(c) are considered. In FIGS. 7(a)
and 7(c), the patterns of the upper and lower layers are
identical, but an EP 709 of FIG. 7(c¢) is arranged to be
deviated slightly to the right from the EP 703 of FIG. 7(a),
and right and left edges of both the upper layer pattern and
the lower layer pattern are included in the EP (the right edge
surrounded by the dotted frame 722 of the lower layer
pattern 701 is not included in the EP 703 of FIG. 7(a)). In
this regard, the widths between the right and left edges in the
upper and lower layers are measured (represented by widths
712 and 710), and middle points thereof are obtained (rep-
resented by black points 713 and 711). The positional
relation between the upper and lower layers can be obtained
by obtaining a distance 714 between the middle points. In
other words, a deviation from a design value between the
upper and lower layers can be obtained by subtracting a
design value of the distance 714 from the measurement
value of the distance 714. FIG. 7(d) illustrates the same
pattern as that illustrated in FIG. 7(b), and the upper layer
pattern becomes thinner. An EP is arranged at the same
position 715 as the EP 709 of FIG. 7(¢), and when pattern
widths 718 and 716 of upper and lower layers, middle points
719 and 717 thereof, and a distance 720 between the middle
points are obtained, the distance 720 between the middle
points does not differ from the distance 714. In other words,
as an EP and a measurement point are set as in FIGS. 7(c)
and 7(d), the positional relation between the upper and lower
layers can be obtained separately from an increase/decrease
in a pattern width. FIGS. 7(a) to 7(d) illustrate an example
in which the overlay in the x direction is evaluated, but when
the overlay in the y direction is evaluated, an upper edge and
a lower edge are desired to be included in an EP, and when
the overlay in the x and y directions is evaluated, upper,
lower, right, and left edges are desired to be included.
Further, an effect of including opposite edges in an EP has
been described in connection with an example of a process-
ing method (which is a processing method belonging to (a
processing method B) which will be described later) of
detecting a pattern edge by image processing and evaluating
overlay deviation, with reference to FIGS. 7(a) to 7(d), but
the same effect can be expected even in a processing method



US 9,488,815 B2

23

(which is a processing method belonging to (a processing
method A) which will be described later) of evaluating
overlay deviation by a comparison of design data and an
imaged image. For example, when design data differs from
an imaged image in a corresponding pattern width, by
performing an alignment between design data and an imaged
image such that centers of opposite edges of both match, an
error in the alignment by an increase/decrease in a pattern
width can be reduced.

In FIGS. 6(a) to 7(d), the patterns of the upper and lower
layers have been described as the first and second patterns as
an example, but it is effective to consider pattern shape
deformation similarly even in the first and second patterns
formed by DP.

Here, when a concept of a measurement point that does
not significantly depend on an increase/decrease in a pattern
width is considered even on the measurement of FIGS. 5(a)
and 5(b), the measurement illustrated in FIGS. 5(¢) and 5(d)
is considered. The drawings at the right and left of FIG. 5(c)
illustrate two kinds of measurement methods when the
overlay deviation between the first pattern and the second
pattern is evaluated using the patterns 501 and 502 using the
EP 505 selected in FIG. 5(a). In the left drawing of FIG.
5(c), the overlay deviation is evaluated by measuring a width
522 between pattern edges of the patterns 501 and 502, but
as described above, the width 522 significantly changes even
by an increase/decrease in a pattern width. On the other
hand, in the right drawing of FIG. 5(¢), the overlay deviation
is evaluated by measuring a width 525 between a center 523
of'the first pattern 501 and a center 524 of the second pattern
502. The width 525 rarely changes by an increase/decrease
in a pattern width. Further, as a method of detecting a pattern
center, a method of detecting a pattern edge by image
processing and obtaining a pattern center from the edge is
considered. Here, in the imaged image, there are cases in
which the edge is not vivid, and it is difficult to detect the
edge. In this case, a pattern center may be directly obtained
by, for example, a center of gravity calculation of a bright-
ness value nearby a pattern without detecting an edge.

The drawings at the right and left of FIG. 5(d) illustrate
two kinds of measurement methods when the overlay devia-
tion between the first pattern and the second pattern is
evaluated using the patterns 515 and 516 using the EP 519
selected in FIG. 5(5). Similarly to the example of FIG. 5(c),
in the left drawing of FIG. 5(d), the overlay deviation is
evaluated by measuring a width 528 between pattern edges
of the patterns 515 and 516, but in the right drawing of FIG.
5(d), the overlay deviation is evaluated by measuring a
width 533 between a middle 530 of a width 529 of the first
pattern 515 and a middle 532 of a width 531 of the second
pattern 516. The width 533 rarely changes by an increase/
decrease in a pattern width. When x coordinates of left and
right edges of the pattern 515 are x1 and x2 and x coordi-
nates of left and right edges of the pattern 516 are x3 and x4,
the overlay deviation can be expressed by the following
formula:

(Overlay deviation of second pattern on first pattern)=
(middle point of width 531)—(middle point of
width 529)=(x3+x4)/2-(x1+x2)/2=((x4-x2)-(x1-
¥3))/2=((width 535)—(width 534))/2

In other words, the overlay deviation may be measured by
measuring the middle point of the width 531 and the middle
point of the width 529 and obtaining a difference between
the middle point of the width 531 and the middle point of the
width 529 or by measuring the width 535 and the width 534
and obtaining a difference between the width 535 and the
width 534. Here, it should be noted that the width 535 and
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the width 534 have a positive value or a negative value
according to a positional relation between edges.

In the above method, an EP is decided in view of
measurement easiness, but an EP may be decided while
considering a point of view of measuring a pattern critical to
device characteristics together. For example, an area includ-
ing a pattern in which pattern deviation is determined to be
likely to occur based on, for example, a lithography simu-
lation installed in an Electronic Design Automation (EDA)
tool may be preferentially selected as an EP. Alternatively,
when position deviation occurs between a contact hole and
an interconnection pattern electrically connecting upper and
lower layers of stacked layers or position deviation occurs
between a gate interconnection and an active layer in a
transistor, this directly affects a change in device character-
istics, and thus this area may be preferentially selected as an
EP.

2.2.2 EP Decision in View of Invisibility of Lower Layer
Pattern

According to the present invention, when the first pattern
is the lower layer pattern and the second pattern is the upper
layer pattern in connection with stacked layers on the wafer,
in the step (step 105 or step 111 in FIG. 1) of deciding the
evaluation point, invisibility of the lower layer pattern by the
upper layer pattern is estimated based on the layout infor-
mation, and the evaluation point is decided in view of the
invisibility.

This feature will be further described. Even when a
pattern suitable for measurement is present in a lower layer,
there are cases in which the pattern is hidden by an upper
layer, and it is difficult to use the pattern in the imaged
image. For this reason, invisibility of a pattern is estimated
based on layout information and considered at the time of EP
selection.

FIGS. 8(a) to 8(c) illustrate patterns of respective layers
or upper and lower layers which are drawn in an overlapping
manner in the same position on the wafer, and for an EP 801,
lower layer patterns 802 and 803 are illustrated in FIG. 8(a),
an upper layer pattern 805 is illustrated in FIG. 8(5), and the
patterns of the upper and lower layers are illustrated in an
overlapping manner in FIG. 8(c). In setting data of the lower
layer illustrated in FIG. 8(a), four pattern edges extending in
avertical direction are present within a dotted frame 804, but
it is hard to use patterns in an actual imaged image since
edges corresponding to the edges in the dotted frame 804 are
not observed as illustrated in FIG. 8(c). As described above,
it is necessary to decide an EP, a measurement point, an
imaging sequence, or the like in view of invisibility of the
lower layer pattern by the upper layer pattern.

Further, there is a case in which a lower layer does not
overlap an upper layer pattern in layout information such as
design data, but an actual pattern thereof may overlap an
upper layer pattern due to pattern transfer position deviation.
For this reason, it is effective to evaluate invisibility easiness
of a pattern in view of a distance between an upper layer
pattern and a lower layer pattern and consider it at the time
of EP selection.

FIG. 8(d) illustrates design data in an EP 806 arranged at
certain coordinates, and there are an upper layer pattern 807
and a lower layer pattern 808. Meanwhile, FIG. 8(e) illus-
trates actual patterns at the same position as in FIG. 8(d), and
there are an actual pattern 810 corresponding to the upper
layer pattern 807 in design data and an actual pattern 811
corresponding to the lower layer pattern 808 in design data.
However, since the patterns of the upper and lower layers are
expanded to be larger than in design data due to a change in
the exposure condition or the like, a left edge (an edge
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surrounded by a dotted frame 809) of the lower layer pattern
which can be observed in design data is hidden by the upper
layer pattern and hardly observed in FIG. 7(e). This occurs
even when a pattern shifts or is deformed as well as when a
pattern is expanded. For this reason, when the EP 806 is
selected under the assumption that the edge surrounded by
the dotted frame 809 is used for measurement, the overlay
evaluation using the same EP is likely to fail. By determin-
ing whether a pattern can be observed in view of pattern
deformation as well as whether a pattern can be observed in
design data as described above, an EP can be decided with
a high degree of accuracy. Further, since it depends on a
pattern deformation degree whether a pattern can be
observed and a pattern deformation degree changes, there
are cases in which it is difficult to uniformly determine
whether a pattern can be observed based on only design data.
For this reason, invisibility easiness of a pattern may be
calculated based on a distance between patterns as attribute
information of an EP and used for prioritization of EP
selection. The invisibility easiness may be calculated based
on an expected maximum pattern deformation amount
which is input.

2.2.3 EP Decision in View of in-Plane Distribution of EP

According to the present invention, in the step (step 105
or step 111 in FIG. 1) of deciding the evaluation point, a
plurality of EPs may be decided in view of an in-plane
distribution of evaluation points on the sample. Specifically,
(A) a plurality of areas are set on a sample, and at least one
evaluation point is decided within each of the areas. Alter-
natively, (B) a condition related to a distance between two
arbitrary evaluation points is given, and a plurality of
evaluation points are decided to satisfy the condition.

This feature will be further described. In order to evaluate
an overlay position in a plane, it is necessary to arrange EPs
at an appropriate density within an evaluation range. In this
case, when an arrangement is imbalanced, an area in which
EPs are arranged at a low density decreases in evaluation
accuracy, and an area in which EPs are arranged at a high
density results in a redundant evaluation. For this reason, for
example, EPs are considered to be arranged at equal inter-
vals in a grid form, but a pattern suitable for an overlay
position evaluation is not necessarily present in each of EPs
which are arranged in this way. According to the conditions
(A) and (B), it is possible to arrange an EP in which an
overlay evaluation can be performed without significant
imbalance in a distribution.

FIG. 9(a) is an enlarged view of a part of a wafer plane
shape. Chips are arranged in a grid form, and a chip 901 is
arranged at the center. In FIG. 9(a), four patterns dedicated
to overlay evaluation are arranged in scribe areas near four
corners of the chip (for example, cross marks 902). A chip
and an arrangement of dedicated patterns are common in
FIGS. 9(a) to 9(d) (chips 901, 905, 914, and 919 and
dedicated patterns 902, 906, 915, and 920). In the overlay
evaluation of the related art using only the dedicated pattern
(for example, 902), deviation amount estimation positions
are sparse, and it is difficult to understand an accurate
in-plane tendency. In this regard, in this example, overlay
evaluation is closely performed even in a chip. To this end,
as an embodiment, a plurality of areas having a certain range
in which each EP can be arranged are set. In FIG. 9(a), the
area having a certain range is indicated by a dotted frame
(for example, 903), and 16 (=4x4) areas are set in a grid
form. Since an EP can be set at any point in the area, an EP
in which overlay evaluation is possible is selected in each
area from a point of view of the EP candidate extraction
method. In the figure, a selected EP is indicated by a thick
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frame, and for example, an EP 904 is selected in an area 903.
Here, when areas in which each EP can be arranged are
arranged in a plane, for example, at regular intervals, an EP
in which overlay evaluation is possible can be arranged
without significant imbalance in a distribution. Further, in
FIG. 9(a), a single EP is extracted in the area, but a plurality
of EPs may be extracted from a single area. Further, there are
cases in which an appropriate EP is not present in an area
such as area 900, and thus it is hard to extract a candidate.

In FIG. 9(a), the number of areas in which an EP can be
arranged is 16 (=4x4), but the number of areas, the width of
an area, and the width between areas can be arbitrarily set.
For example, when closer overlay evaluation is desired to be
performed, the width of the area may be reduced to increase
the number of areas. Further, an arrangement of the areas is
not limited to a grid form, and an arrangement can be
performed with another arbitrary degree of freedom. Fur-
ther, in this example, a range in which the areas are arranged
is the inside of the chip 901, but an arbitrary range in which
close overlay evaluation is desired to be performed may be
set, and the areas may be arranged within the range.
Examples of the arbitrary range include all chips in a plane,
a plurality of chips of an arbitrary combination, a range of
a part in a chip, and a range between chips. Particularly, in
order to evaluate deformation in a shot at the time of
exposure, one to several chips in a single shot in an area
exposed by single exposure radiation is considered to be a
range in which the overlay evaluation is desired to be
performed.

Further, as a variation of an EP to be decided, one in
which overlay deviation between the first pattern and the
second pattern can be evaluated in the x and y direction, one
in which overlay deviation between the first pattern and the
second pattern can be evaluated only in the x direction, and
one in which overlay deviation between the first pattern and
the second pattern can be evaluated only in the y direction
can be combined. FIG. 9(b) illustrates, similarly to FIG.
9(a), an example in which 16 (=4x4) areas (for example,
dotted frames 907, 909, and 912) in which an EP can be
arranged are arranged in a grid form, and an EP is decided
from each area. An EP decided in each area is indicated by
a thick frame, but an EP (for example, 908) indicated by a
white square is an EP in which overlay deviation can be
evaluated in the x and y directions (referred to as “EPXY™).
An EP (for example, 910 and 913) in which “x” is written
in a square is an EP in which overlay deviation can be
evaluated in the x direction (referred to as “EPX”; A pattern
such as the EP 519 in FIG. 5(5)). An EP (for example, 911)
in which “y” is written in a square is an EP in which overlay
deviation can be evaluated in the y direction (referred to as
“EPY™). It is desirable that the EPXY be present in all areas
in which an EP can be arranged, but such good pattern is not
necessarily present. In this regard, the EPX and the EPY
may be added as an alternative of an EP. Particularly, an
EPX 910 and an EPY 911 which are present therearound are
selected as in the area 909, deviation amounts estimated
from both EPs are merged, and thus the overlay deviation
can be approximately evaluated in the x and y directions.
Further, even when only an EPX 913 is selected as in the
area 912, it helps the overlay evaluation. Here, as a variation
of an EP, an EPXY, an EPX, and an EPY are described, but
an EP in which an overlay position can be evaluated in an
oblique direction, an EP in which rotation of a pattern can be
evaluated, an EP in which a change (transfer magnification)
in a size of a pattern can be evaluated, or the like may be
used as a variation.
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FIG. 9(c) illustrates another example of the method of
deciding an EP in view of an in-plane distribution of EPs,
and a condition related to a distance between two arbitrary
EPs, for example, a condition in which a distance between
EPs is between A um and B um is given, and an EP candidate
satisfying the corresponding condition is selected as an EP
in which overlay evaluation is possible, and thus the overlay
evaluation accuracy and the uniform distribution can be
achieved. In FIG. 9(c), a thick frame indicates an EP, and for
example, 918 is given as a distance between an EP 916 and
an EP 917. An arbitrary range in which close overlay
evaluation is desired to be performed is set (a chip 914 in
FIG. 9(¢)), and an EP is decided so that a distance between
arbitrary EPs satisfies the above condition.

FIG. 9(d) illustrates an example in which variations of an
EPXY, an EPX, and an EPY are considered on FIG. 9(c)
(notations of an EPXY, an EPX, and an EPY are the same as
in FIG. 9(b)). As described above with reference to FIG.
9(b), there are cases in which there is no EPXY in an area
in which an EP is desired to be arranged. In FIG. 9(d), when
a distance with a neighboring EP is considered (for example,
a distance 924 with an EP 923), a single EP is desired to set
in a dotted frame 926, but there is assumed to be no EPXY
in the dotted frame. In this case, when there is an EPX or an
EPY, the EPX or the EPY may be selected as an EP, and
when there are both an EPX and an EPY, both the EPX and
the EPY may be selected. FIG. 9(d) illustrates an example in
which both an EPX 921 and an EPY 922 are selected. At this
time, when there are an EPX and an EPY therearound, the
overlay deviation can be approximately evaluated in the x
and y directions, and thus the EPX and the EPY may be
arranged to be close to each other. For this reason, as a
condition related to a distance between EPs, a condition
related to a distance (for example, 925) between an EPX and
an EPY and a condition related to a distance (for example,
924) between normal EPs can be separately given (in this
example, the distance 925<the distance 924).

2.2.4 EP Decision Based on User Designation of EP

According to the present invention, in the step (step 105
or step 111 in FIG. 1) of deciding the evaluation point, the
evaluation point is decided such that at least one or more
evaluation points are designated in advance, and another
evaluation point including a pattern similar to a pattern
included in the evaluation point is searched based on the
designated evaluation points.

This feature will be further described. An EP can be
selected from various points of view according to an inten-
tion of the user who is an evaluator. Further, an EP differs
according to a kind of a semiconductor device, a process or
the like. However, when the overlay evaluation is performed
at a plurality of positions, a task of registering a large
amount of EPs to a recipe is not easy to the user. In this
regard, a mechanism in which the user can input a desired
input is provided, and an EP similar to the input EP is
automatically extracted as an EP candidate based on layout
information. Thus, the user can save time and efforts of
selecting a large amount of remaining EPs by inputting
several EPs, and it is possible to rapidly cope with an EP
selection criterion which differs according to the user, a
kind, or a process.

FIG. 10(a) illustrates an EP 1001 as an example of an EP
designated by the user. In the EP, there are patterns (for
example, 1002) hatched by oblique lines and white patterns
(for example, 1003) as first patterns formed by the first
exposure and second patterns formed by the second expo-
sure. The designating may be performed on layout data and
may be performed on an image. FIG. 10(b) illustrates a

25

30

40

45

60

28

result of extracting an EP candidate similar to a designated
EP from layout data using the EP 1001 as an input. In FIG.
10(b), similarly, first patterns are indicated by patterns (for
example, 1004 and 1012) hatched by oblique lines, and
second patterns are indicated by white patterns (for example,
1005, 1006, and 1013). A range in which a similar EP
candidate is extracted can be arbitrarily set, and in FIG.
10(b), a part of the range is illustrated, but EPs 1007 and
1008 similar to the designated EP 1001 are extracted. In the
present invention, not only a pattern similar to a designated
EP can be simply extracted, but also a similar EP can be
extracted in view of an imaging sequence as well. In other
words, in the extracted similar EP 1008, a unique pattern
1006 is present within the image shift allowable range (a
distance 1011 between the similar EP 1008 and the pattern
1006 is within the image shift allowable range), and the
imaging deviation of the similar EP 1008 can be suppressed
to be the allowable position deviation or less by setting an
AP 1009 and performing addressing, but in the similar EP
1007, it is difficult to set such an AP (the distance 1011
between the similar EP 1007 and the pattern 1006 is outside
the image shift allowable range). As the decision of the
imaging sequence is performed together as described above,
it is possible to exclude the similar EP 1007 from the
extraction candidate, and it is possible to increase the EP
extraction accuracy. In addition, in the example of FIG.
10(b), one similar EP, that is, the EP 1008 is finally
extracted, but in the present invention, it is possible to
extract all of the plurality of similar EPs present in an EP
candidate extraction range and show the extracted EPs to the
user.

Further, the user can designate all a plurality of EPs. In
this case, it is evaluated whether an EP designated by the
user is an EP suitable for the overlay evaluation from a point
of view of the EP selection criterion described above with
reference to FIGS. 5(a) to 9(d) or a point of view of the
measurement point/processing method which will be
described later with reference to FIGS. 11(a) and 11(b)
based on the layout information. If necessary, a process such
as slightly shifting a position of an EP designated by the user
to a position determined to be appropriate by the overlay
evaluation or slightly changing the size of an EP can be
performed. In this case, since an accurate position or size is
automatically optimized as the user designates an approxi-
mate EP position, time and efforts can be saved.

For example, when the EP 703 of FIG. 7(a) is given as the
position of an EP designated by the user, the EP can be
moved to the position of the EP 709 of FIG. 7(c) in which
the higher overlay accuracy can be expected.

2.2.5 EP Decision in View of Attribute Information
Related to Manufacturing Process

According to the present invention, in the step (step 105
or step 111 in FIG. 1) of deciding the evaluation point, a
manufacturing process used to form an edge for each pattern
edge is obtained as attribute information, and an evaluation
point is decided based on the attribute information so that an
edge formed by the first manufacturing process and an edge
formed by the second manufacturing process are included in
a field of view.

This feature will be further described. As an example,
overlay deviation between upper and lower layer patterns
illustrated in FIG. 19(d) is evaluated. In FIG. 19(d), patterns
(1901 and 1902) hatched by oblique lines are illustrated as
first patterns formed on a lower layer by the first exposure
(a first manufacturing process), and white patterns (19034 to
19054 and 19035 to 19055) are illustrated as second patterns
formed on an upper layer by the second exposure (a second
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manufacturing process) (technically, as will be described
later, the patterns 1903a to 1905a and 19035 to 19055 are
formed by the second manufacturing process and a cutting
process). A process of forming the patterns is illustrated in
FIGS. 19(a) to 19(c). First, as illustrated in FIG. 19(a), the
first patterns 1901 and 1902 are formed by the first exposure.
Then, as illustrated in FIG. 19(5), the second patterns 1903
to 1905 are formed by the second exposure. Lastly, as
illustrated in FIG. 19(c), the second pattern remaining in an
area 1906 is removed by a process called a cutting process.
In the cutting process, the second pattern in the area 1906
may be removed by causing the area 1906 to be exposed to
light as an exposure pattern, or the second pattern in the area
1906 may be removed by radiating electron beams to the
area 1906 by direct writing of electron beams.

When the overlay deviation between the first and second
patterns is evaluated on such a pattern, there are cases in
which it is difficult to evaluate the deviation even when a
distance between an edge of the first pattern present on the
lower layer and an edge of the second pattern present on the
upper layer is simply measured. This example is illustrated
in FIG. 19(). In FIG. 19(f), the deviation between the upper
and lower layer patterns is evaluated by subtracting a design
value of a distance between middle points from a distance
between a middle point (indicated by an x mark on an arrow
indicating a width 1911) of the width 1911 between a right
edge (indicated by a thick line) of an upper layer pattern
19044 and a left edge (indicated by a thick line) of an upper
layer pattern 19045 and a middle point (indicated by an x
mark on an arrow indicating a width 1910) of the width 1910
between a right edge (indicated by a thick line) of a lower
layer pattern 1901 and a left edge (indicated by a thick line)
of a lower layer pattern 1902 (the widths 1911 and 1910
correspond to the widths 712 and 710 in the measurement
example of FIG. 7(¢)). However, since the right edge of the
upper layer pattern 1904a and the left edge of the upper layer
pattern 19045 are edges formed by the cutting process, the
deviation obtained from the widths 1911 and 1910 is overlay
deviation between the first pattern and the pattern of the
cutting process other than the overlay deviation between the
first and second patterns. As described above, when overlay
deviation between two desired layers is evaluated, instead of
simply selecting edges of patterns present on the two layers
and measuring a distance between the edges, it is necessary
to select an edge used for measurement while considering a
manufacturing process used to form an edge together. To this
end, manufacturing process information is given for each
edge as attribute information, and a combination of mea-
surement target edges is decided based on the attribute
information. FIG. 19(e) illustrates edges according to the
attribute information. An edge indicated by a dotted line,
that is, an edge 1907 is an edge formed by the first manu-
facturing process, an edge indicated by a fine solid line, that
is, an edge 1908 is an edge formed by the second manufac-
turing process, and an edge indicated by a thick solid line,
that is, an edge 1909 is an edge formed by the cutting
process. As the attribute information related to the manu-
facturing process of the edge as well as the edge direction is
considered, an edge to be recognized to obtain deviation
between processes which are desired to be evaluated can be
appropriately selected. As described above, the attribute
information is given in units of edges (segments) other than
units of closed figures of patterns. Based on the attribute
information, it is possible to determine whether an edge used
for measurement is an edge formed by a process which is
desired to be evaluated.
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According to the attribute information, in order to evalu-
ate the overlay deviation between the first and second
patterns, it is understood that it is desirable to perform the
measurement illustrated in FIG. 19(g). In this example, the
deviation between the first and second patterns can be
evaluated based on a distance between a middle point of a
width 1913 between the left edge of the upper layer pattern
19044 (having the attribute information generated by the
second manufacturing process according to FIG. 19(e)) and
the right edge of the upper layer pattern 19045 (having the
attribute information generated by the second manufacturing
process according to FIG. 19(e)) and a middle point of a
width 1912 between the left edge of the lower layer pattern
1901 (having the attribute information generated by the first
manufacturing process according to FIG. 19(e)) and the right
edge of the lower layer pattern 1902 (having the attribute
information generated by the second manufacturing process
according to FIG. 19(e)).

Similarly, when deviation between the second pattern and
the pattern of the cutting process is evaluated, it is under-
stood from the attribute information that it is desirable to
perform, for example, the measurement illustrated in FIG.
19(%). In this example, the second pattern and the pattern of
the cutting process can be evaluated based on a distance
between a middle point of a width 1915 between the left
edge of the upper layer pattern 1904a (having the attribute
information generated by the second manufacturing process
according to FIG. 19(e)) and the right edge of the upper layer
pattern 19045 (having the attribute information generated by
the second manufacturing process according to FIG. 19(e))
and a middle point of a width 1914 between the right edge
of the upper layer pattern 1904a (having the attribute
information generated by the cutting process according to
FIG. 19(e)) and the left edge of the upper layer pattern 19045
(having the attribute information generated by the cutting
process according to FIG. 19(e)).

Further, when design data is used as the layout informa-
tion, and it is difficult to obtain final pattern design data
(intent design data) which is formed at the time of imaging
and illustrated in FI1G. 19(d), intent design data is generated
based on design data of each of the processes illustrated in
FIGS. 19(a) to 19(c) and layer information of each process
or information representing whether it is the cutting process.
Attribute information is obtained based on the intent design
data, and an EP or a measurement point in an EP is decided
based on the intent design data and the attribute information.
If there is intent design data but it is difficult to obtain design
data of each process, attribute information is allocated to the
intent design data based on layer information of each
process or information of the cutting process, and an EP or
a measurement point in an EP is decided.

The deciding of an EP or a measurement point in an EP
using the attribute information is not limited to the evalua-
tion of the overlay deviation between layers described above
with reference to FIGS. 19(a) to 19(%), but is effective even
when deviation among the plurality of processes between
patterns formed on the layer by a plurality of processes such
as DP and self-aligned double patterning (SADP). Here,
deciding an EP or a measurement point in an EP using
attribute information in SADP will be described with refer-
ence to FIGS. 20(a) to 20(g) as an example. First, an
example of a manufacturing process of SADP will be briefly
described with reference to cross-sectional views of a wafer
illustrated in FIGS. 20(a) to 20(e). First, patterns 2001 to
2004 are formed on the top surface of a base layer 2006 and
a hard mask layer 2005 by DP as described in the back-
ground art as illustrated in FIG. 20(a). In other words, the
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first patterns 2001 and 2003 indicated by patterns hatched by
oblique lines are formed, and then second patterns 2002 and
2004 indicated by white patterns are formed in a space
between the first patterns. Then, a resist film 2007 is
deposited on the wafer surface as illustrated in FIG. 20(b),
and then patterns 20074 to 2007/ called sidewall spacers are
formed on sidewalls of the patterns 2001 to 2004 by etching
as illustrated in FIG. 20(c). Then, the patterns 2001 to 2004
are removed as illustrated in FIG. 20(d), and then the hard
mask layer 2005 is etched using the sidewall spacers 2007a
to 20072 as a mask to form patterns 2005 to 2005/ as
illustrated in FIG. 20(e).

Here, deviation between the first patterns 2001 and 2003
and the second patterns 2002 and 2004 initially formed by
DP is considered to be measured at a point in time in which
the patterns 2005a to 2005/ are formed. FIGS. 20(a) and
20(e) drawn in an upward direction (a z direction) of a wafer
are the upper and lower drawings in FIG. 20(f). The lower
drawing of FIG. 20(f) illustrates an aspect in which the eight
patterns 20054 to 2005/ corresponding to FIG. 20(e) are
arranged side by side, but since all patterns have the same
appearance, it is difficult to understand desirable patterns in
which a distance therebetween is to be measured in order to
measure deviation between the first and second patterns. In
this regard, the attribute information related to the manu-
facturing process described above with reference to FIGS.
19(a) to 19(%) is considered in this example as well. In the
upper drawing of FIG. 20(f), the first patterns 2001 and 2003
and the second patterns 2002 and 2004 are illustrated to the
patterns 20054 to 2005/ in the position in the x direction. In
terms of a correspondence relation, for example, the pattern
2005q is a pattern shifting depending on the left edge
position of the first pattern 2001. For this reason, the pattern
2005aq is not a pattern formed directly by the manufacturing
process of forming the left edge of the first pattern 2001 but
a pattern in which its formation position depends on the
manufacturing process of forming the first pattern 2001.
Further, the pattern 20055 is a pattern in which its formation
position depends on the manufacturing process of the right
edge of the first pattern 2001. Similarly, for example, the
pattern 2005¢ is a pattern in which its formation position
depends on the manufacturing process of forming the second
pattern 2002, and the pattern 20054 is a pattern in which its
formation position depends on the manufacturing process of
the right edge of the second pattern 2002. It is understood
that when the attribute information is considered together,
the deviation between the first and second patterns in the x
direction can be evaluated, for example, based on a distance
between a middle point (indicated by an x mark on an arrow
indicating a width 2008) of the width 2008 between the right
edge of the pattern 20055 and the left edge of the pattern
2005¢ and a middle point (indicated by an x mark on an
arrow indicating a width 2009) of the width 2009 between
the left edge of the pattern 2005¢ and the right edge of the
pattern 20054d. In other words, for example, when the second
pattern shifts rightwards (in the positive x direction) with
respect to the first pattern, the middle point of the width 2009
shifts rightwards with respect to the middle point of the
width 2008, and thus the deviation amount can be obtained
by subtracting a design value of the distance between the
middle points from the distance between the middle points
on the image.

Similarly, it is understood that the deviation between the
first and second patterns in the x direction can be evaluated,
for example, based on a distance between a middle point of
a width 2011 and a middle point of a width 2010 illustrated
in FIG. 20(f), a distance between a middle point of a width
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2012 and a middle point of a width 2013, or a distance
between a middle point of a width 2014 and a middle point
of' a width 2015. The deviation may be measured using any
one of a plurality of measurement points, or a stable devia-
tion amount may be estimated by obtaining a plurality of
measurement values using a plurality of measurement points
and obtaining an average or median value thereof.

FIG. 20(g) illustrates attribute information of edges of the
patterns 20054 to 2005%. IDs of the attribute information are
indicated by alphabet letters (in this example, there are eight
types of attributes A to D and a to d) in circles drawn on the
respective edges. “A” denotes an attribute of a left edge of
a sidewall spacer formed on a sidewall of a left edge of a
pattern 2016 formed by the first manufacturing process, “B”
denotes an attribute of a right edge of a sidewall spacer
formed on a sidewall of a left edge of a pattern 2017 formed
by the first manufacturing process, “a” denotes an attribute
of a right edge of a sidewall spacer formed on a sidewall of
a right edge of a pattern 2018 formed by the first manufac-
turing process, and “b” denotes an attribute of a left edge of
a sidewall spacer formed on a sidewall of a right edge of a
pattern 2019 formed by the first manufacturing process.
Similarly, attributes C, D, ¢, and d are allocated to edges of
sidewall spacers formed at sidewalls of patterns formed by
the second manufacturing process according to the positions
thereof as illustrated in FIG. 20(g). As described above, the
attribute information of each edge can be extended to be
decided according to information of another manufacturing
process influencing the position of the edge or a positional
relation between the edge and a pattern formed by a certain
manufacturing process as well as information of the manu-
facturing process of directly forming the edge (for example,
it is a left edge of a sidewall spacer formed on the left of a
second pattern). The following rule can be derived for a
combination of edges which may be used to evaluate the
deviation between the first and second patterns based on the
attribute information. First, edges having attributes of a
capital letter and a lower-case letter representing the same
alphabet letter are set as a pair, and a middle point thereof
is considered. For example, a middle point of a width
between an edge having an attribute A and an edge having
an attribute a is referred to as a “middle point A-a.” The
deviation between the first and second patterns may be
obtained based on a distance between either of the middle
point A-a and a middle point B-b and either of a middle point
C-c and a middle point D-d. In other words, (overlay
deviation of second pattern on first pattern) (coordinates of
middle point C-c or coordinates of middle point D-d)-
(coordinates of middle point A-a or coordinates of middle
point B-b)—(a design value of the distance between middle
points). All the measurement points illustrated in FIG. 20(f)
satisfy this condition, and for example, when the deviation
is measured based on the distance between the middle point
of the width 2008 and the middle point of the width 2009,
the distance between the middle point A-a and the middle
point C-c is measured. As described above, it is possible to
obtain all combinations of edges used to measure the devia-
tion using the attribute information.

Further, when design data is used as the layout informa-
tion, and it is difficult to obtain design data (intent design
data) of the final patterns 2005a to 2005/ which are gener-
ated at the time of imaging and illustrated in the lower
portion of FIG. 20(f), for example, intent design data is
generated based on the patterns 2001 to 2004 which are
design data of the previous process illustrated in the upper
portion of FIGS. 20(f) and information of the manufacturing
process illustrated in FIGS. 20(a) to 20(e). Attribute infor-
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mation is obtained based on the intent design data, and an EP
or a measurement point in an EP is decided based on the
intent design data and the attribute information. On the other
hand, if there is intent design data but it is difficult to obtain
design data of each process, attribute information is allo-
cated to the intent design data based on information of each
manufacturing process, and an EP or a measurement point in
an EP is decided.

In this specification, the example of the overlay evalua-
tion in which the attribute information is additionally con-
sidered, particularly, based on the example of between layers
or the SADP have been described with reference to FIGS.
19(a) to 19(k) and 20(a) to 20(g). However, the present
invention is not limited to this example, and can be used in
another process such as an overlay evaluation in a device
using self-aligned multi patterning (SAMP), directed self-
assembly (DSA), a grid design, or the like. Further, the
additional consideration of the attribute information is effec-
tive when a computer automatically decides an EP or a
measurement point in an EP based on layout information,
but it is very effective even when the user decides an EP or
a measurement point in an EP manually other than auto-
matically. It is because there are cases in which it is difficult
to anticipate a formed edge and a manufacturing process of
forming the edge based on layout information of a pattern to
be finally formed. Further, even when it is possible to
anticipate it, knowledge related to a process or specifying
pattern position is necessary for anticipation. Thus, as the
layout information and the attribute information are shown
to the user through a GUI or the like, it helps the user when
deciding an EP or a measurement point in an EP, and
working efficiency can be significantly improved.

2.2.6 EP Decision Based on Divisional Imaging

In the step (step 105 or step 111 in FIG. 1) of deciding the
evaluation point, when the overlay position in the x direction
is evaluated, first and second evaluation points are decided
so that at least one of right and left edges of the first pattern
and one of right and left edges of the second pattern are
included in the first evaluation point, and one of the right and
left edges of the first pattern and one of the right and left
edges of the second pattern are included in the second
evaluation point, and the overlay deviation is evaluated
using the first and second evaluation points. Here, a direc-
tion of a pattern included in the first evaluation point and a
direction of a pattern edge included in the second evaluation
point are reversed right and left in the first and second
patterns.

Similarly, when the overlay position in the y direction is
evaluated, first and second evaluation points are decided so
that at least one of upper and lower edges of the first pattern
and one of upper and lower edges of the second pattern are
included in the first evaluation point, and one of the upper
and lower edges of the first pattern and one of the upper and
lower edges of the second pattern are included in the second
evaluation point, and the overlay deviation is evaluated
using the first and second evaluation points. Here, a direc-
tion of a pattern edge included in the first evaluation point
and a direction of a pattern edge included in the second
evaluation point are upside-down in the first and second
patterns.

This feature will be further described. When the overlay
evaluation is performed using a normal circuit pattern other
than an overlay evaluation-dedicated pattern, it depends on
a pattern layout whether there is an EP including a pattern
suitable for overlay evaluation, and there is not necessarily
a desired EP. For this reason, when the in-plane distribution
of'the overlay deviation is evaluated using an actual pattern,
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how to extract many EPs without imbalance is a problem,
and the present processing is effective to this problem. First,
as described above with reference to FIGS. 7(a) to 7(d), as
an example of an EP selection evaluation criterion, there is
“(B) when the overlay position in the x direction is evalu-
ated, both right and left edges of a pattern are included in the
respective evaluation points, and when the overlay direction
in the y direction is evaluated, both upper and lower edges
of'a pattern are included in the respective evaluation points,”
but in some cases, there are little EP in which all of a group
of edges necessary for measurement are included in a field
of view depending on a pattern layout. A left view of FIG.
21(a) is an example in which an EP is extracted in a chip
2101, and a dotted frame indicating an area 2102 represents
an area (corresponding to the area 907 of FIG. 9(4)) in which
an EP is extracted, an EP 2103 in which “x” is written in a
square represents an EP (referred to as an “EPX” and
corresponding to the EP 910 of FIG. 9(4)) in which only the
overlay deviation in the x direction can be evaluated, and an
EP 2104 in which “y” is written in a square represents an EP
(referred to as an “EPY” and corresponding to the EP 911 of
FIG. 9(b)) in which only the overlay deviation in the y
direction can be evaluated. Among the dotted frames, there
are a dotted frame including no EP and a dotted frame
including only an EPX or an EPY. On the other hand, a
method of increasing a possibility that there will be an EP
satisfying the criterion by lowering an imaging magnifica-
tion of an EP and increasing a field of view of an EP so that
many patterns are included in a field of view is considered.
Here, since the imaging magnification and the measurement
accuracy are in the trade-off relation, there is a limitation to
increasing a field of view. In this regard, instead of estimat-
ing overlay deviation based on a single EP, a method of
estimating a deviation amount based on two EPs is consid-
ered. In other words, there are cases in which when a group
of'edges necessary for evaluation of overlay deviation which
are not included in a field of view in a single EP are divided
into a first EP and a second EP and then imaged, all of a
group of edges can be included in a field of view. For
example, in FIG. 21(a), no EP in which the overlay deviation
can be evaluated in a single EP was present in a dotted frame
2105, but there are cases in which as divisional imaging is
allowed, EPs can be set as illustrated in FIG. 21(a). In FIG.
21(a), a first EP 2106 (referred to as an “EPXa”) including
a pattern edge changing in the X direction and a second EP
2107 (referred to as an “EPXb”) can be set, and it is possible
to evaluate the overlay deviation in the X direction which is
hardly evaluated in the related art based on imaged images
of both the EPs. A right view of FIG. 21(a) is an enlarged
view of the area 2105 in which EPXa and EPXb can be set.
Although not illustrated, similarly, there may be also cases
in which EPYa and EPYDb can be set as two EPs in which the
overlay deviation in the Y direction can be evaluated, and
EPa and EPb can be set as two EPs in which the overlay
deviation in the X and Y directions can be evaluated.
Here, it is discovered that in order to prevent a deviation
measurement value from being affected by an increase/
decrease in a pattern width or imaging deviation of two EPs,
it is necessary to image a group of edges necessary for
measurement in the first EP and the second EP by the
above-described combination. FIG. 21(4) illustrates
examples of the first and second EPs satisfying the above-
described combination. In order to evaluate the overlay
deviation in the x direction between first patterns 2109 and
2111 (indicated by hatched patterns) formed on a lower layer
and second patterns 2110 and 2112 (indicated by white
patterns) formed on an upper layer, at least one of the right
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and left edges of the first pattern and one of the right and left
edges of the second pattern need to be included in the first
EP, and in this example, the left edge of the first pattern 2109
and the left edge of the second pattern 2110 are included.
Further, one of the right and left edges of the first pattern and
one of the right and left edges of the second pattern need to
be included in the second EP, and in this example, the right
edge of the first pattern 2111 and the right edge of the second
pattern 2112 are included. In addition, a direction of a
pattern included in the first EP and a direction of a pattern
included in the second EP need to be reversed right and left
in the respective first and second patterns. When a direction
of a pattern is defined as a direction from the inside of the
pattern to the outside, in this example, both the left edge of
the first pattern 2109 and the left edge of the second pattern
2110 which are measurement target edges of the first EP are
in the right direction, both the right edge of the first pattern
2111 and the right edge of the second pattern 2112 which are
measurement target edges of the second EP are in the right
direction, and thus a condition in which a direction is
reversed is satisfied for the first and second patterns. In this
example, the deviation between the first and second patterns
can be evaluated by subtracting a design value of the
distance between middle points from a distance between a
middle point 2117 of a width 2113 between the left edge (the
x coordinate of the edge position is denoted by x1) of the
first pattern 2109 and the right edge (the x coordinate of the
edge position is denoted by x4) of the first pattern 2111 and
a middle point 2118 of a width 2114 between the left edge
(the x coordinate of the edge position is denoted by x2) of
the second pattern 2110 and the right edge (the x coordinate
of the edge position is denoted by x3) of the second pattern
2112. In this example, the design value of the distance
between the middle points is assumed to be 0. When the
overlay deviation is converted into an equation, the follow-
ing equation is obtained.

(overlay deviation of second pattern on first pattern) =
(middle point of width 2114) — (middle point of width 2113) =
(X2+x3)/2-(xl+x4)/2=

(12 = x1) — (v — x3)) /2 = ((width 2115) — (width 2116))/2

In other words, since the overlay deviation is obtained by
the difference between the width 2115 between the left edge
of the pattern 2109 and the left edge of the pattern 2110 in
the first EP and the width 2116 between the right edge of the
pattern 2111 and the right edge of the pattern 2112 in the
second EP, when the measurement target edge is in a field of
view of each EP, a correct measurement value can be
obtained even when the imaging position of each EP slightly
deviates. FIG. 21(c) illustrates an example of actual imaging
position, but actual imaging positions 2119 and 2120 of
EPXa and EPXb indicated by dotted frames deviate from
imaging positions 2106 and 2107 of EPXa and EPXb
indicated by thick lines at the time of setting. As imaging is
performed twice as described above, a relative imaging
position between EPXa and EPXb is likely to deviate, but
since the deviation of the imaging position does not directly
affect the measurement value of the overlay deviation as
described above, it is possible to correctly obtain the overlay
deviation when it is possible to correctly measure the widths
2115 and 2116 from the respective images.
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Further, the obtained overlay deviation is hardly affected
by an increase/decrease in a pattern width due to the same
reason as the content described above with reference to
FIGS. 7(a) to 7(d). However, this may be obtained only
when the same degree of shape deformation occurs in the
patterns 2110 and 2112 (or the patterns 2109 and 2111)
(here, a pattern including an edge to be measured is referred
to as a “measurement target pattern”). For example,
although the overlay deviation does not occur, when the
measurement target pattern 2110 increases to be much
thicker than the measurement target pattern 2112, the over-
lay deviation occurs in a calculation. In order to cause a pair
of measurement target patterns 2110 and 2112 (or a pair of
measurement target patterns 2109 and 2111) to have the
same degree of shape deformation, the shape of the mea-
surement target pattern or the shape of a pattern around each
measurement target pattern needs to be similar to the shape
of the other pattern configuring a pair, and needs to be
considered when an EP is set. The reason why similarity of
the shape of the surrounding pattern is also considered is
because there are cases in which the shape of a surrounding
pattern affects the shape of the measurement target pattern
due to an optical proximity effect at the time of pattern
exposure. Further, in order to cause the measurement target
patterns to have the same degree of shape deformation, a
pair of measurement target patterns needs to have a similar
manufacturing condition. In addition, since the overlay
deviation is calculated using a pair of measurement target
patterns, the same degree of overlay deviation has to occur
in a pair of measurement target patterns. In view of this
point, a pair of measurement target patterns needs to be
closely arranged, and to this end, the first and second EPs
need to be closely arranged. At the time of EP decision, a
constraint condition can be set to the distance (a distance
2108 in FIGS. 21(a) to 21(c)) between EPs.

As two EPs are imaged to measure a single deviation
amount as described above, the throughput of measurement
decreases, but alternatives of EPs satisfying a measurement
criterion increase, and a close in-plane deviation distribution
is likely to be estimated without imbalance.

2.3 Measurement Point/Processing Method Decision

According to the present invention, in the step (step 105
or step 111 in FIG. 1) of deciding the evaluation point, a
measurement point used to evaluate the overlay position in
the evaluation point is decided based on the pattern layout
information. Further, similarly, the step of deciding the
evaluation point includes a process of deciding a processing
method of evaluating an overlay position in the evaluation
point based on the pattern layout information for each
evaluation point, and alternatives of the processing method
include at least a method of imaging the evaluation point,
comparing an obtained image with design data, and evalu-
ating an overlay position (the processing method A) and a
method of imaging the evaluation point, recognizing a
pattern from an obtained image by image processing, and
evaluating an overlay position (the processing method B).

This feature will be further described. Although there are
a plurality of patterns in a decided EP, it is necessary to
measure a distance between the first pattern and the second
pattern for the overlay evaluation. According to circum-
stances, there are cases in which all patterns are used for
measurement of the distance, but, for example, distance
measurement may be performed excluding a position at
which pattern deformation is likely to occur as described
above. For this reason, the measurement point is decided for
each evaluation pattern based on the layout information.
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Furthermore, the processing method of obtaining the
distance may be decided for each evaluation pattern. The
process using design data such as the processing method A
and the process of obtaining a measurement value directly
from an image such as the processing method B have
advantages and disadvantages according to a pattern
included in an EP, it is effective to decide the processing
method for each EP based on the layout information.

The measurement point and the processing method will be
described using two kinds of EPs illustrated in FIGS. 11(a)
and 11(b) as an example. In an EP 1101 of FIG. 11(a), first
patterns formed by first exposure are indicated by patterns
(for example, 1102) hatched by oblique lines, and second
patterns formed by second exposure are indicated by white
patterns (for example, 1103). In order to evaluate the overlay
position between the first pattern and the second pattern, for
example, a method of setting two positions indicated by
arrows 1104 and 1105 as the measurement points, recogniz-
ing the positions by image processing, and measuring the
distance between the first pattern and the second pattern at
the corresponding positions is considered. This method
belongs to the processing method B. However, the pattern in
the EP 1101 is complicated, and advanced image processing
is necessary in order to recognizes the positions of the
arrows 1104 and 1105 and perform the measurement. At this
point of view, the processing method A is suitable for the
evaluation in the EP 1101. In other words, matching between
each of design data (referred to as “first design data”) for
first exposure and design data (referred to as “second design
data”) for second exposure and a pattern in an imaged image
is performed. It is possible to evaluate the overlay deviation
based on deviation between the matching position of the first
design data and the matching position of the second design
data. Alternatively, the first pattern in the imaged image is
recognized by matching of the first design data, the second
pattern in the imaged image is similarly recognized by
matching of the second design data, and the overlay devia-
tion can be evaluated based on the positional relation
between the recognized first pattern and the second pattern.

Meanwhile, in an EP 1106 of FIG. 11(5), a first pattern
1107 and a second pattern 1108 are arranged side by side. As
an example of image processing for performing the overlay
evaluation in the x direction using this EP, a technique of
detecting right and left edges (edges included in dotted
frames 1110) in the first and second patterns and measuring
a distance 1109 between the two patterns as an evaluation
point is considered. As an example of a method of detecting
the right and left edges, it is desirable to create a brightness
profile 1111 by accumulating brightness values of an imaged
image in the y direction and detects a portion in which a
brightness value remarkably changes (many electrons are
emitted from an edge portion of a pattern and becomes
bright on an image). As described above, in the EP 1106, the
overlay evaluation can be performed by simple image pro-
cessing without using design data, and thus the processing
method B is appropriate.

On the other hand, in the step of deciding an EP, the user
can designates the processing method (for example, the
processing method A or the processing method B) for
obtaining the distance in advance, and an area in which the
measurement value can be obtained by the processing
method can be selected as an EP based on the layout
information. Particularly, in processing of the processing
method B, design data need not be used, and thus there may
be the user who desires to select only an area in which
processing of the processing method B is possible as an EP.
In this case, at the time of recipe generation, for example, an

10

15

20

25

30

35

40

45

50

55

60

65

38

EP is decided using design data, but there is a merit that it
is unnecessary to handle design data at the time of imaging/
measurement using a scanning charged particle microscope.

2.4 Overlay Deviation Vector Calculation

According to the present invention, in the step (step 105
or step 111 in FIG. 1) of deciding the evaluation point, a
plurality of evaluation points in which a direction in which
an overlay position is evaluable is decided for each evalu-
ation point are decided, and in the step (step 113 in FIG. 1)
of evaluating the overlay position, an overlay deviation
vector at certain coordinates is calculated based on overlay
deviation in a direction in which the overlay position is
evaluable which is measured in each of the plurality of
evaluation points.

This feature will be further described. When the overlay
evaluation is performed using a normal circuit pattern
instead of an overlay evaluation-dedicated pattern, it
depends on a pattern layout whether there is an EP including
a pattern suitable for an overlay evaluation, and there is not
necessarily a desired EP. For this reason, when the in-plane
distribution of the overlay deviation is evaluated using an
actual pattern, it is consequential how to calculate informa-
tion effective for estimation of the in-plane distribution of
the overlay deviation even when the number of EPs which
can be extracted is small. FIG. 16(a) illustrates an example
in which an EP is extracted from a chip 1601, and a dotted
frame indicated by an area 1602 represents an area (corre-
sponding to the area 907 of FIG. 9(b)) in which an EP is
extracted, an EP 1605 in which “x” is written in a square
represents an EP (referred to as “EPX” and corresponding to
the EP 910 of FIG. 9(5)) in which only the overlay deviation
in the x direction can be evaluated, and an EP 1606 in which
“y” is written in a square represents an EP (referred to as
“EPY” and corresponding to the EP 911 of FIG. 9(3)) in
which only the overlay deviation in the y direction can be
evaluated. Areas such as 1602 in which an EP is extracted
have to be arranged centering on coordinates at which
extraction is desired to be performed, and, for example,
when a reliable overlay deviation distribution tendency is
desired to be understood by extracting EPs at certain inter-
vals without imbalance, an EP extraction area needs to be set
at certain intervals in a grid form as illustrated in FIG. 16(a).
However, even when an EP search is performed in areas
arranged in the grid form, there are cases in which no EP is
present nearby the center of the area 1602 as in the area 1602
and an EP is extracted at an end of the area 1602 such as an
EP 1605, cases in which no EP is present at all as in an area
1604, or cases in which only EPX is present as in an area
1603. FIG. 16(b) illustrates a result of imaging the extracted
EPs on such an imbalanced EP extraction result and calcu-
lating the overlay deviation. In FIG. 16(b), the magnitude of
an overlay deviation amount calculated from an image
obtained by imaging each EP is indicated by an arrow
extending from each EP, and a direction of an arrow repre-
sents a direction of overlay deviation which can be measured
in each EP. For example, an arrow 1607 representing devia-
tion in the x direction extends from the EP1605 in which the
overlay deviation in the x direction can be measured. Simi-
larly, an arrow 1608 representing deviation in the y direction
extends from the EP1606 in which the overlay deviation in
the y direction can be measured. However, it is difficult to
understand the deviation distribution tendency based on a
group of imbalanced overlay deviation arrows of respective
directions in FIG. 16(b). In this regard, in the present
invention, an interpolation process of the measurement
value is performed based on a group of overlay deviation
arrows (for example 1607 and 1608) of the respective
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directions illustrated in FIG. 16(b), and a two-dimensional
deviation vector (for example, 1611) (in the x and y direc-
tions) is estimated at desired coordinates as illustrated in
FIG. 16(c). Even when the EP distribution is sparse or
imbalance, it is possible to closely estimate the in-plane
deviation distribution without imbalance to some extent. In
FIG. 16(c), a grid pattern 1609 indicated by a thick line is
illustrated, and a thick circle (for example, 1610) present at
a crossing point of a grid represents coordinates on a chip at
which the overlay deviation is desired to be obtained. A thick
arrow extending from the thick circle represents a vector (for
example, 1611) indicating the overlay deviation in the thick
circle. As a method of obtaining a vector indicating the
overlay deviation in the thick circle from a group of overlay
deviation arrows of the respective directions, for example,
the deviation amount in the x direction in each thick circle
is obtained from a group of overlay deviation arrows in the
x direction such as 1607 by interpolation (a concrete
example of an interpolation method will be described later
with reference to FIGS. 18(a) to 18(c)), and similarly, the
deviation amount in the y direction in each thick circle is
obtained by interpolation from a group of overlay deviation
arrows in the y direction such as 1608. When the deviation
amounts in the x and y directions in each thick circle are
obtained, a two-dimensional deviation vector (for example,
1611) having the obtained deviation amount as components
in each thick circle is given.

In FIG. 16(c), the user can arbitrarily set coordinates at
which the overlay deviation indicated by the thick circle is
desired to be obtained, overlay deviation, intervals of a grid
1609 may be more finally set to obtain close deviation
distribution, an intervals of a grid may be irregularly
changed, and thick circles may be arranged arbitrarily
instead of a grid form.

Further, in the example illustrated in FIGS. 16(a) to 16(c),
only an EP in which the overlay deviation of each direction
can be evaluated from a single EP is extracted, but an EP in
which the overlay deviation of each direction can be evalu-
ated from two EPs described above with reference to FIGS.
21(a) to 21(c) may be included. Furthermore, in the example
illustrated in FIGS. 16(a) to 16(c), two kinds of EPs, that is,
an EPX in which only the overlay deviation in the x
direction can be evaluated and an EPY in which only the
overlay in the y direction deviation can be evaluated are
extracted, but similar processing can be performed even on
any other kind of EP related to a measurable direction, and
it can be used for estimation of a two-dimensional deviation
vector. FIGS. 17(a) to 17(d) illustrate a variation of an EP
related to a measurable direction. Patterns 1701, 1706, 1711,
1721, and 1723 hatched by oblique lines are first patterns,
and white patterns 1702, 1707, 1712, 1720, and 1722 are
second patterns, and thick frames 1703, 1708, 1713, and
1718 indicate EPs. From widths 1704, 1709, 1714, 1716,
and 1725 of the first patterns and widths 1705, 1710, 1715,
1717, and 1724 of the second patterns, the overlay deviation
in the x direction can be evaluated in an EP 1703, the overlay
deviation in the y direction can be evaluated in an EP 1708,
the overlay deviation in the x and y directions can be
evaluated in an EP 1713, and the overlay deviation in a
direction of an angle 1726 can be evaluated in an EP 1718.
An oblique interconnection which is oblique at the angle
1726 is present in a field of view of the EP 1718, and thus
the overlay deviation in the direction of the angle 1726 can
be evaluated, but when the angle 1726 is 0°, the EP 1718 is
an EPX, and when the angle 1726 is 90°, the EP 1718 is an
EPY. Further, when the patterns illustrated in FIG. 17(d) are
imaged by an SEM, in order to vividly image a pattern edge,
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a scanning direction of electron beams can be set vertically
to an edge, and an dotted frame 1719 obtained by rotating
the EP 1718 leftwards by the angle 1726 can be used as an
EP. In this case, a coordinate system 1728 (referred to as an
“Ix-ly coordinate system”) representing the x and y direc-
tions on an image is rotated from a coordinate system 1727
(referred to as an “x-y coordinate system”) of a wafer, a shot,
or a chip by the angle 1726. Thus, the overlay deviation in
the Ix direction obtained on the image is the overlay devia-
tion of the direction of the angle 1726 in the x-y coordinate
system. As described above, information of overlay devia-
tion in an arbitrary direction in each EP can be used for
estimation of a two-dimensional deviation vector.

Here, since reliability of the measurement value obtained
by the interpolation process is not necessarily high, estima-
tion reliability is calculated for each estimated deviation
vector. When a deviation evaluation result is fed back to a
semiconductor manufacturing device or the like to correct
the deviation, a degree of adding a deviation vector can be
controlled according to the reliability. As a method of
calculating the reliability, a difference between interpolation
and extrapolation in an interpolation process, a distance
between an EP serving as an interpolated point and an
interpolation point, or the like may be used. FIG. 18(a)
illustrates a deviation interpolation process. In this example,
overlay deviation 1811 in the x direction in a thick circle
1810 and overlay deviation 1813 in the x direction in a thick
circle 1812 are inferred from overlay deviation 1804 to 1806
in the x direction measured in three EPXs 1801 to 1803 by
an interpolation process. The thick circles 1810 and 1812
represent coordinates on a chip designated to obtain overlay
deviation by the user, similarly to the thick circle 1610.
Examples of the interpolation process include linear inter-
polation and curved surface interpolation. Since the thick
circle 1810 is present in an area surrounded by dotted lines
1807 to 1809 connecting the EPs 1801 to 1803 serving as
interpolated points, the vector 1811 can be estimated by the
interpolation process, and it is generally high in estimation
reliability. However, since the thick circle 1812 is outside
the area surrounded by the dotted lines 1807 to 1809, the
vector 1813 is estimated by the extrapolation process, and it
is generally low in estimation reliability. Further, the esti-
mation reliability may be estimated consecutively instead of
simply using two processes of interpolation and extrapola-
tion. For example, as illustrated in FIG. 18(b), similarly to
FIG. 18(a), overlay deviation 1815, 1818, and 1821 in the x
direction in thick circles 1814, 1817, and 1820 on interpo-
lated points 1801 to 1803 are considered to be estimated.
The estimations of all the deviation vectors in the thick
circles are performed by the extrapolation process since the
thick circles are outside an area surrounded by dotted lines
1807 to 1809, but not the same in the estimation reliability.
For example, vertical lines from the thick circles 1814, 1817,
and 1820 to a straight line 1809 connecting an EP 1801 and
an EP 1803 serving as interpolated points are considered,
and the lengths of the vertical lines are assumed to be 1816,
1819, and 1922. When the lengths 1816 and 1819 of the
vertical lines are compared, the length 1816 is shorter. Thus,
from a point of view of a distance from the area surrounded
by the interpolated points, an estimation vector 1815 is
considered to be higher in estimation reliability than an
estimation vector 1818. Meanwhile, when the lengths 1816
and 1822 of the vertical lines are compared, the length 1822
is shorter, but an estimation vector 1821 is not necessarily
higher in estimation reliability than the estimation vector
1815. When crossing points 1823 and 1825 between the
vertical lines and the straight line 1809 are compared, the
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crossing point 1823 is present between the interpolated
points 1801 and 1803, but the crossing point 1825 is present
outside between the interpolated points 1801 and 1803.
Thus, from a point of view in which an interpolation point
is present between interpolated points in connection with the
direction of the straight line 1809, the estimation vector
1815 is considered to be higher in estimation reliability than
the estimation vector 1821. The above-described reliability
calculating method is an example, and the present invention
is not limited to this example. For example, a technique of
finding an interpolated point closest to an interpolation point
and using a distance between the interpolation point and the
interpolated point for a reliability calculation may be con-
sidered.

FIG. 18(c) illustrates an example of a distinction between
interpolation and extrapolation of an estimation vector and
a method of displaying estimation reliability. A thick circle
(for example, 1827) present at a crossing point of a grid
pattern 1826 represents coordinates on a chip at which
overlay deviation is desired to be obtained, and an arrow
extending from the thick circle is a vector (for example,
1828 to 1831) representing overlay deviation in the thick
circle which is estimated by interpolation. A solid line vector
(for example, 1828 and 1829) is a vector obtained by the
interpolation process, and a dotted line vector (for example,
1830 and 1831) is a vector obtained by the extrapolation
process. Further, brightness of a vector represents reliability,
and for example, for the vectors estimated by the interpo-
lation process, a gray vector 1829 is lower in estimation
reliability than a black vector 1828. Similarly, for the vectors
estimated by the extrapolation process, a gray vector 1831 is
lower in estimation reliability than a black vector 1830.
There may be several brightness levels in connection with
reliability, and a numerical value indicating quantified reli-
ability may be displayed beside each vector.

3. GUI

FIG. 12 illustrates an example of a GUI for performing an
input of various kinds of information, recipe creation/output
setting or display, and SEM device control according to the
present invention. Various kinds of information rendered in
a window 1201 of FIG. 12 may be displayed on a single
screen or may be divided and displayed on a display.

A layout data input (step 102) method will be described.
A chip array may be input by pushing a button 1202. Further,
layout data may be input by pushing a button 1203. As
layout data, layout data of the first pattern and layout data of
the second pattern may be input as different files, or merged
data may be input. Particularly, when a design data file is
input as layout data, there are cases in which information of
stacked layers may be included. In this regard, in a window
1204, a first pattern and a second pattern which are subject
to overlay evaluation can be designated using an ID or the
like. In the case of overlay evaluation between layers, the
first pattern and the second pattern are designated using
layer IDs, and in the case of overlay evaluation of DP, and
the first pattern and the second pattern are designated using
exposure [Ds, for example, a pull-down menu 1205. Further,
the number of patterns which are subject to overlay evalu-
ation may be three or more.

As an example of an EP selection condition input (step
103), a method of designating an EP arrangement distribu-
tion or an EP will be described. In a window 1206, when a
check box of “designation by EP arrangeable area” is set to
ON, the EP decision described above with reference to
FIGS. 9(a) and 9(b) can be performed. In this case, a method
of setting an EP arrangeable area can be selected from
among “arrange area in grid form,” “manually set area,” and
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the like through a radio button in a window 1207. When
“arrange area in grid form” is selected, a grid interval at
which areas are arranged can be designated in a box 1208.
Besides, although not illustrated in FIG. 12, it is possible to
designate the number of areas, the width of an area, between
areas, and an area arrangement method other than a grid
form.

When a check box of “designate distance between EPs” is
set to ON in the window 1206, the EP decision described
above with reference to FIGS. 9(c) and 9(d) can be per-
formed. In this case, a distance between EPs can be desig-
nated in a box 1209. Further, when a check box 1210 is set
to ON, an EP search can be performed so that an EP (EPY)
in which only the overlay evaluation in the y direction can
be performed is arranged to be close to an EP (EPX) in
which only the overlay evaluation in the x direction can be
performed as much as possible (in contrast, an EPX is
arranged to be close to an EPY). At this time, a distance
between an EPX and an EPY can be designated in a box
1211.

When a check box of “designate EP” is set to ON in the
window 1206, the EP designation described above with
reference to FIGS. 10(a) and 10(b) can be performed. In this
case, “search for EP similar to designated EP” and “slightly
revise designated EP as initial value” can be selected using
a radio button in a window 1212. Further, an EP may be
designated using a mouse or the like in one of displays 1226,
1228, and 1231 which will be described later, or an EP may
be designated by a list file read by pushing a button 1213. A
list of designated EPs is displayed on a list 1214, and an EP
to be actually used as a designated EP may be re-designated
on the same list.

As an example of an EP selection condition input (step
103), a method of designating a processing method at the
time of measurement will be described. In a window 1215,
the processing method (the processing method A or the
processing method B) for evaluating the overlay position
described above with reference to FIGS. 11(a) and 11(5) can
be designated using a radio button or the like, and an EP
satisfying the designated condition can be decided.
Examples of the designation method include “no designa-
tion,” “measurement by design data comparison in all EPs,”
“measurement by design data comparison as much as pos-
sible,” “measurement by only image processing in all EPs,”
and “measurement by only image processing as much as
possible.”

As an example of a device condition input (step 104), a
method of inputting a device condition will be described. In
a window 1216, assumed stage shift accuracy, image shift
accuracy, a matching error in an AP, and the like can be
input, and used for estimation of estimation imaging devia-
tion at the time of EP decision or the like.

As an example of a processing parameter (step 101), a
method of inputting a processing parameter at the time of EP
decision will be described. As each check box is set to ON
in a window 1217, at the time of EP decision, “consider
imaging deviation (described above with reference to FIGS.
5(a) to 5(d)),” “consider pattern deformation (described
above with reference to FIGS. 6(a) to 6(d)),” “necessarily
include opposite edges in EP (described above with refer-
ence to FIGS. 7(a) to 7(d)),” “search for only EP in which
overlay in x and y directions can be evaluated (described
above with reference to FIGS. 9(a) to 9(d)),” or the like can
be performed. Further, although not illustrated, designation
such as “consider invisibility of lower layer pattern by upper
layer pattern” described above with reference to FIGS. 8(a)
to 8(e) can be performed. When “consider pattern deforma-
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tion” or “consider invisibility of lower layer pattern by upper
layer pattern” is selected, in a window 1218, parameters
such as “expected maximum increase/decrease amount in
pattern width,” “expected maximum rounding amount of
corner portion,” and “expected maximum shift amount of
pattern” can be input, and deformation or invisibility can be
estimated based on the input parameters.

As a button 1219 is pushed, it is possible to search for an
EP candidate based on an input of the layout data, the
processing parameter, or the like and display a result. In the
present invention, the EP candidate can be displayed
together with the EP attribute information. This display will
be further described. In EP decision, it is effective to show
a plurality of EP candidates to the user and enable the user
to select an EP candidate from among the EP candidates,
instead of automatically selecting all EPs. As a method of
giving the user determination information for EP selection,
positions of EPs on a wafer may be plotted and displayed in
order to understand an in-plane distribution of EPs. Further,
the attribute information of the EP candidate may be dis-
played, and examples of the attribute information include
(A) allowable imaging deviation/estimation imaging devia-
tion, (B) an imaging sequence/imaging condition/assumed
imaging period of time, (C) deformation easiness of pattern
used as a reference of evaluation stability, (D) invisibility of
a pattern or invisibility easiness by deformation of a pattern,
(E) a processing method of an evaluating measurement
point/overlay position, and (F) a direction of an evaluable
overlay position. The direction of the evaluable overlay
position of (F) is information representing that only an
overlay position in the X direction or the Y direction is
evaluable, that overlay positions in the X and Y directions
are evaluable, or that an overlay position in an A° direction
is evaluable (A is an arbitrary real number, A=0 for EPX, and
A=90 for EPY). For example, when only a pattern edge
changing in the X direction is included in an EP candidate,
it is difficult to evaluate the overlay position in the Y
direction. This information can be obtained by analyzing the
layout information of the EP candidate. This information
may be displayed as a numerical value or a diagram, and, for
example, a list of EP candidates may be displayed on a list
1220. In the same list, various kinds of attribute information
as well as EP coordinates, the imaging magnification, the
imaging condition, the overlay evaluable direction (a dis-
tinction among EPXY, EPX, and EPY) can be displayed.
Further, the attribute information related to an EP position or
each EP can be displayed on the displays 1226, 1228, and
1231. Although all pieces of attribute information are not
illustrated on the displays 1226, 1228, and 1231, any attri-
bute information can be converted into a numerical value or
a figure and then displayed. The display 1226 illustrates a
wafer, and as a range 1227 is designated in the display 1226
using a mouse or the like, the corresponding range can be
enlarged and displayed on the display 1228. In the display
1228, the position of the EP candidate is indicated by a thick
frame (for example, a thick frame 1229), and after the
overlay deviation amount is measured, the deviation amount
can be displayed using a vector (for example, an arrow
extending from the thick frame 1229). Further, as a range
1230 is designated in the display 1228 using a mouse or the
like, the corresponding range can be enlarged and displayed
on the display 1231. In the display 1231, as the pattern
layout information, the first patterns are displayed as pat-
terns (for example, 1232) hatched by oblique lines, the
second patterns are displayed as white patterns (for example,
1233), and further, an EP 1236 and an imaging sequence for
imaging the corresponding EP are displayed. In this
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example, first, addressing is performed through an AP 1234,
then auto-focusing is performed through an AF 1235, and
lastly, an imaging sequence for imaging the EP 1236 is set.
In FIG. 12, the imaging sequence is written as numbers (1)
to (3) written before notations of AP, AF, and EP. For
example, though an EP position is not displayed on the
display 1226, this is a display example, and layout infor-
mation, an EP position, an imaging sequence, an imaging
condition, a measurement point/processing method, an over-
lay evaluation result, or the like can be arbitrarily displayed
on the display 1226, 1228, or 1231.

As a button 1221 is pushed, a decided EP, an imaging
sequence, an imaging condition, a measurement point/pro-
cessing method, or the like can be registered to a recipe. At
this time, in the list 1220 or the displays 1226, 1228, and
1231, an EP to be actually registered to a recipe can be
re-designated from among the EP candidates.

Then, as a button 1222 is pushed, a recipe to be used is
designated (a previously registered recipe may be used or a
recipe created in the past may be used). As a button 1223 is
pushed, an imaging/overlay evaluation using an SEM is
executed based on the recipe. The overlay evaluation result
may be arbitrarily displayed in a list 1225 or the displays
1226, 1228, and 1231 as described above.

In FIG. 13, displays 1301 and 1305 are another display
variations corresponding to the displays 1228 and 1231 in
FIG. 12. In the display 1301, an EP is obtained according to
an overlay evaluable direction, an EP (for example, 1300)
indicated by a white square is an EP (EPXY) in which the
overlay deviation in the x and y directions can be evaluated,
an EP (for example, 1302) in which “x” is written in a square
is an EP (EPX) in which only the overlay deviation in the x
direction can be evaluated, and an EP (for example, 1303) in
which “y” is written in a square is an EP (EPY) in which
only the overlay deviation in the y direction can be evalu-
ated. After the overlay deviation amount is measured, the
deviation amount can be displayed using a vector, but, for
example, a vector obtained in the EPX 1302 is only the
deviation amount in the x direction (an arrow extending
from the thick frame 1302 in the x direction). However,
when an EPX and an EPY are closely exist such as 1302 and
1303, deviation vectors in the x and y directions can be
approximately calculated based on the deviation amounts of
both the EPX and the EPY and displayed. Further, the
display 1305 enlarges and displays a range 1304. In this
display, the first patterns are indicated by patterns (for
example, 1311) hatched by oblique lines, the second patterns
are indicated by white patterns (for example, 1312), and two
EPs, that is, EP1 (denoted by 1308 and corresponding to
1302), EP2 (denoted by 1309 and corresponding to 1303)
and the imaging sequence for imaging the two EPs are
displayed. In this example, after the vertical incident posi-
tion of electron beams are moved to move coordinates 1310
by the stage shift, movement of the field of view to an AP
1306 by the image shift and addressing are performed, and
then movement of the field of view to an AP 1307 by the
image shift and auto-focusing are performed. Thereafter, the
field of view is moved to the EP1 (1308) by the image shift,
imaging is performed, then the field of view is moved to the
EP2 (1309) by the image shift, and imaging is performed. In
FIG. 13, the imaging sequence is written as numbers (1) to
(4) written before notations of AP, AF, EP1, and EP2. As
described above, when the EP1 and the EP2 are included in
the image shift allowable range, addressing and auto-focus-
ing are performed only once for both EPs without perform-
ing addressing and auto-focus for each EP, and thus an
imaging period of time can be saved. The imaging period of
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time can be one of determination information for EP deci-
sion. Such imaging sequence optimization between EPs can
be performed in step 107 of FIG. 1, but imaging sequence
optimization can be additionally performed between step
111 and step 112. It is because there are cases in which at the
time of final EP decision of step 111, EP addition or deletion
can be performed on a group of EP candidates assumed in
step 107, and there are cases in which a setting of the
imaging sequence among EPs changes, for example, single
addressing is performed for all EPs.

In the present invention, the overlay evaluation may be
performed such that imaging is performed multiple times at
different manufacturing process timings in the same wafer.
FIG. 14 illustrates a display example of the result. FIG. 14
illustrates an overlay evaluation result among three or more
layers, and an in-plane distribution of overlay deviation
vectors of first patterns formed on a first layer and second
patterns formed on a second layer is denoted by 1401, an
in-plane distribution of overlay deviation vectors of the
second patterns, and third patterns formed on a third layer is
denoted by 1402, and an in-plane distribution of overlay
deviation vectors of the third patterns and fourth patterns
formed on a fourth layer is denoted by 1403. For example,
an evaluation result of a display 1401 is considered to be
obtained based on an image obtained by imaging a wafer
directly after the second pattern is formed, an evaluation
result of a display 1402 is considered to be obtained based
on an image obtained by imaging a wafer directly after the
third pattern is formed, and an evaluation result of a display
1403 is considered to be obtained based on an image
obtained by imaging a wafer directly after the fourth pattern
is formed. The displays 1401 to 1403 can be simultaneously
displayed according to coordinates. Further, even when the
displays 1401 to 1403 may be the same or different in an EP
setting position, but of course, it is not guaranteed that an
overlay evaluable EP is present at the same position regard-
less of the layers. Similarity in EP position between the
layers may be used as one of determination criteria for the
EP selection.

In the present invention, a result of evaluating the overlay
deviation in the wafer plane as well as overlay deviation
evaluation in a shot or a chip can be displayed. In a left view
of FIG. 22, a wafer 2201 is displayed, and a plurality of
chips are arranged on the wafer 2201 (for example, chips
2202 to 2210). The overlay deviation in a chip may be
evaluated for all chips, and for example, only the chips 2202
to 2210 indicated by oblique lines may be subjected to
sampling and evaluated at a point of view of an inspection
throughput. In a right view of FIG. 22, a distribution of
deviation vectors in the chips measured in the chips 2202 to
2210 is displayed. Displays 2211 to 2219 correspond to
displays of deviation vector distributions in the chips 2202
to 2210, and the deviation distributions can be displayed in
parallel.

4. System Configuration

An example of a system configuration according to the
present invention will be described with reference to FIGS.
15(a) and 15(5).

In FIG. 15(a), 1501 denotes a mask pattern design device,
1502 denotes a mask rendering device, 1503 denotes an
exposure/developing device on a wafer of a mask pattern,
1504 denotes a wafer etching device, 1505 and 1507 denote
SEM devices, 1506 and 1508 denote SEM control devices
controlling the SEM devices, 1509 denotes an EDA tool
server, 1510 denotes a database server, 1511 denotes a
storage storing a database, 1512 denotes an imaging/mea-
surement recipe creating device, 1513 denotes an imaging/
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measurement recipe server, 1514 denotes an image process-
ing device or an image processing server that perform
pattern shape measurement and evaluation, and these
devices can perform transmission and reception of informa-
tion via a network 1515. The storage 1511 is attached to the
database server 1510, and the database server 1510 may
store and share some or all of (A) design data (mask design
data (the absence/presence of optical proximity correction
(OPC)) and design data of a wafer transfer pattern), (B) a
simulation shape of an actual pattern estimated from the
mask design data by a lithography simulation or the like, (C)
generated imaging/measurement recipe, (D) imaged image
(an OM image and an SEM image), (E) imaging and
evaluation results (a measurement value of a pattern shape
of each portion of an evaluation pattern, a pattern contour, a
deformation amount of a pattern, an overlay deviation
amount or deviation direction between patterns, normality or
abnormality of an overlay position, or the like), and (F) a
decision rule of an imaging/measurement recipe in associa-
tion with a kind, a manufacturing process, a date and time,
a data acquiring device, or the like. Further, in FIG. 15(a),
as an example, the two SEM devices 1505 and 1507 are
connected to the network, but in the present invention, the
imaging/measurement recipe in an arbitrary number (two or
more) of SEM devices can be shared with the database
server 1510 or the imaging/measurement recipe server 1513.
The plurality of SEM devices can be operated by single
imaging/measurement recipe creation. Further, as the data-
base is shared among a plurality of SEM devices, success/
failure or failure factors of the imaging or measurement in
the past can be rapidly accumulated, and it can help create
the excellent imaging/measurement recipe with reference to
the factors.

FIG. 15(b) illustrates an example in which 1506, 1508,
1509, 1510, and 1512 to 1514 in FIG. 15(a) are integrated
in a single device 1516. As in this example, arbitrary
functions may be undertaken by an arbitrary number (two or
more) of devices or integrated and processed.

According to the present invention, through the above-
described technique, it is possible to understand a close
in-plane distribution of overlay positions in a semiconductor
device or the like using a scanning charged particle micro-
scope. According to the present invention, it is possible to
automatically create a recipe (setting of an evaluation point,
an imaging sequence, and a measurement point/processing
method) satisfying measurement requirements at a high
speed, and it can be expected that an inspection preparation
period of time (recipe creation period of time) is reduced,
and an operator skill is unnecessary.

Further, in this specification, the description has been
made in connection with the example of selecting an EP in
a chip (for example, the chips 1601, 2101, and 2202 to
2210), but the chips may be replaced with shots (in other
words, the shots 1601, 2101, and 2202 to 2210 are consid-
ered). Generally, a plurality of chips are included in a single
shot. A shot refers to an area exposed by single exposure
radiation, and when characteristics of an exposure device or
the like are analyzed, it is effective to evaluate an overlay
deviation distribution in a shot.

The present invention is not limited to the above embodi-
ments, and includes various modified examples. For
example, the above embodiment have been described in
detail to help understand the present invention, and the
present invention is not limited to an embodiment necessar-
ily including all configuration described above. Further,
some components in a certain embodiment may be replaced
with components in another embodiment, and components
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in another embodiment may be added to components in a
certain embodiment. For some components in each embodi-
ment, addition, deletion, and replacement of another com-
ponent can be performed.

Further, some or all of the above-described components,
functions, processing units, and processing techniques may
be implemented by hardware, for example, such that they
are designed as integrated circuits. Further, the above-
described components, functions, or the like may be imple-
mented by software such that a processor interprets and
executes a program for implementing the functions. Infor-
mation such as a program, a table, or a file for implementing
each function may be stored in a recording device such as a
memory, a hard disk, a solid state drive (SSD) or a recording
medium such as an IC card, an SD card, or a DVD.

Further, a control line or an information line has been
described to be necessary, but all control lines or information
lines are not necessarily included in products. Practically,
almost all the components may be considered to be con-
nected to each other.

REFERENCE SIGNS LIST

200 x-y-z coordinate system (coordinate system of elec-
tron optical system)

201 semiconductor wafer

202 electron optical system

203 electron gun

204 electron beam (primary electron)

205 condenser lens

206 deflector

207 ExB deflector

208 objective lens

209 secondary electron detector

210 and 211 back-scattered electron detector

212 to 214 and 215 processing/control unit

216 CPU

217 image memory

218 and 225 processing terminal

219 stage controller

220 deflection control unit

221 stage

222 recipe creating unit

223 imaging recipe creating device

224 measurement recipe creating device

226 database server

227 database (storage)

301 to 306 incident direction of convergent electron beam

307 sample surface

308 Ix-Iy coordinate system (image coordinate system)

309 image

416 wafer

417 to 420 chip in which alignment is performed

421 chip

422 OM alignment pattern imaging range

423 auto-focus pattern imaging range for SEM alignment

pattern imaging

424 SEM alignment pattern imaging range

425 range in which part of design data is enlarged

426 MP

427 image shift allowable range from MP

428 AF

429 AP

430 AF

431 AST

432 ABCC

433 EP
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501, 513, 515, 527 first pattern

502, 503, 514, 516, 517, and 526 second pattern

504, 518, 522, 528, 529, 531, 534, and 535 measurement
point

505 and 519 EP

506 and 520 AP

507 distance between EP and AP

508 and 509 expected maximum imaging deviation

510, 511, and 521 distance between first and second
patterns

512 actual EP imaging position

523, 524, 530, and 532 pattern center

525 and 533 distance between pattern centers

602, 606, 610, and 613 first pattern

603, 607, 611, and 614 second pattern

601, 605, 609, and 612 EP

604 and 608 measurement point

701 and 705 first pattern

702 and 706 second pattern

703, 707, 709, and 715 EP

704, 708, 710, 712, 716, and 718 measurement point

711, 713, 717, and 719 middle points of left and right
edges

714 and 720 distance between middle points of left and
right edges

721 to 724 edge position

802, 803, 808, and 811 first pattern

805, 807, and 810 second pattern

801 and 806 EP

804 and 809 edge position

901, 905, 914, and 919 chip

902, 906, 915, and 920 overlay evaluation-dedicated
pattern

904, 908, 910, 911, 913, 916, 917, 921, 922, and 923 EP

900, 903, 907, 909, and 912 EP arrangeable area

918, 924, and 925 distance between EPs

926 area in which EP is to be arranged

1002, 1004, and 1012 first pattern

1003, 1005, 1006, and 1013 second pattern

1001, 1007, and 1008 EP

1009 AP

1010 and 1011 distance between EP and AP

1102 and 1107 first pattern

1103 and 1108 second pattern

1101 and 1106 EP

1104, 1105, and 1109 measurement point

1110 edge position

1111 brightness profile

1501 mask pattern design device

1502 mask rendering device

1503 exposure/developing device

1504 etching device

1505 and 1507 SEM device

1506 and 1508 SEM control device

1509 EDA tool server

1510 database server

1511 database

1512 imaging/measurement recipe creating operational
device

1513 imaging/measurement recipe server

1514 image processing server (shape measurement/evalu-
ation)

1515 network

1516 EDA tool, database management, imaging/measure-
ment recipe creation, image processing (shape mea-
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surement/evaluation), imaging/measurement recipe
management, integrated server for SEM control &
operational device

1601 chip

1602 to 1604 EP arrangeable area

1605 and 1606 EP

1607 and 1608 overlay deviation amount of each direction

1609 grid

1610 position in which overlay deviation is desired to be
measured

1611 overlay deviation vector

1701, 1706, 1711, 1721, and 1723 first pattern

1702, 1707, 1712, 1720, and 1722 second pattern

1703, 1708, 1713, 1718, and 1719 EP

1704, 1705, 1709, 1710, 1714 to 1717, 1724, and 1725
measurement point

1726 oblique angle of oblique interconnection pattern

1727 x-y coordinate system (coordinate system of wafer,
shot, or chip)

1728 Ix-ly coordinate system (image coordinate system)

1801 to 1803 EP

1804 to 1806, 1811, 1813, 1815, 1818, and 1821 overlay
deviation amount of each direction

1807 to 1809 straight line connecting EPs

1810, 1812, 1814, 1817, 1820, and 1827 position in which
overlay deviation is desired to be measured

1816, 1819, 1822 distance between positions 1814, 1817,
and 1820 in which overlay deviation is desired to be
measured and straight line 1809

1823 to 1825 crossing point of vertical line from positions
1814, 1817, and 1820 in which overlay deviation is
desired to be measured to straight line 1809 and straight
line 1809

1826 grid

1828 to 1831 overlay deviation vector

1901 and 1902 first pattern

1903 to 1905 second pattern

1903a to 1905¢, and 19035 to 19055 second pattern after
cutting process

1906 pattern of cutting process

1907 edge formed by first manufacturing process

1908 edge formed by second manufacturing process

1909 edge formed by cutting process

1910 to 1915 measurement point

2001, 2003 first pattern

2002, 2004 second pattern

2005 hard mask layer

20054 to 2005/ pattern masked by sidewall spacer

2006 base layer

2007 deposited layer

20074 to 2007/ sidewall spacer

2008 to 2015 measurement point

2016 to 2019 pattern edge

2101 chip

2102 and 2105 EP arrangeable area

2103, 2104, 2106, and 2107 EP

2119 and 2120 actual EP imaging position

2108 distance between EPs

2109 and 2111 first pattern

2110 and 2112 second pattern

2113 to 2116 measurement point

2117, 2118 pattern center

2201 wafer

2202 to 2219 chip

2211 to 2219 distribution of overlay deviation vectors in
chips 2202 to 2219
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The invention claimed is:

1. A pattern evaluation method of evaluating an overlay
position between a first pattern formed on a sample by a first
manufacturing process and a second pattern formed on the
sample by a second manufacturing process using an image
obtained by imaging an evaluation point on the sample
through a scanning charged particle microscope, the pattern
evaluation method comprising:

a step of inputting pattern layout information and manu-

facturing process information;

a step of allocating information representing whether each
pattern edge in the layout information is an edge
formed by a manufacturing process based on the layout
information and the manufacturing process information
as attribute information; and

a step of deciding one or more evaluation points so that
the edge formed by the first manufacturing process and
the edge formed by the second manufacturing process
are included in a field of view based on the attribute
information.

2. The pattern evaluation method according to claim 1,

wherein the manufacturing process includes a cutting
process.

3. The pattern evaluation method according to claim 1,

wherein the manufacturing process includes a process of
forming a sidewall spacer.

4. The pattern evaluation method according to claim 1,

wherein imaging deviation allowed to evaluate an overlay
position on evaluation point candidates is estimated
based on pattern layout information, an evaluation
point is decided from among the evaluation point
candidates, and an imaging sequence for imaging the
evaluation point is decided based on the allowed imag-
ing deviation, and

the allowed imaging deviation is estimated under a con-
dition that it does not fail to specify the first pattern and
the second pattern included in the evaluation point even
when the imaging deviation occurs.

5. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point,
deformation easiness of each portion of a pattern is
evaluated based on the layout information, and an
evaluation point is decided based on the deformation
easiness of each portion.

6. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point, both
right and left edges of a pattern when the overlay
position in the x direction is evaluated or both upper
and lower edges of a pattern when the overlay position
in the y direction is evaluated are included within the
evaluation point for each of the first pattern and the
second pattern.

7. The pattern evaluation method according to claim 1,

wherein when the first pattern is a lower layer pattern and
the second pattern is an upper layer pattern in connec-
tion with stacked layers on a wafer, in the step of
deciding the evaluation point, invisibility of the lower
layer pattern by the upper layer pattern is estimated
based on the layout information, and the evaluation
point is decided in view of the invisibility, and

the estimating of the invisibility includes an estimation
when the lower layer pattern is hidden as a pattern is
deformed.

8. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point, a
plurality of areas are set on the sample, and at least one
evaluation point is decided in each of the areas.
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9. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point, a
condition related to a distance between two arbitrary
evaluation points is given, and a plurality of evaluation
points are decided to satisfy the condition.

10. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point, the
evaluation point is decided by designating at least one
or more evaluation points in advance, and searching
another evaluation point including a pattern similar to
a pattern included in the evaluation point based on the
designated evaluation points.

11. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point, a
measurement point used to evaluate the overlay posi-
tion in the evaluation point is decided based on the
pattern layout information.

12. The pattern evaluation method according to claim 1,

wherein the step of deciding the evaluation point includes
a process of deciding a processing method of evaluat-
ing an overlay position in the evaluation point based on
the pattern layout information for each evaluation
point, and alternatives of the processing method
include at least a method of imaging the evaluation
point, comparing an obtained image with design data,
and evaluating an overlay position and a method of
imaging the evaluation point, recognizing a pattern
from an obtained image by image processing, and
evaluating an overlay position.

13. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point,
evaluation point candidates are displayed according to
the attribute information of the evaluation point, and
the attribute information includes a direction of an
evaluable overlay position.

14. The pattern evaluation method according to claim 1,

wherein when the overlay position in the x direction is
evaluated, first and second evaluation points are
decided so that at least one of right and left edges of the
first pattern and one of right and left edges of the
second pattern are included in the first evaluation point,
and one of the right and left edges of the first pattern
and one of the right and left edges of the second pattern
are included in the second evaluation point, and the
overlay deviation is evaluated using the first and second
evaluation points,

a direction of a pattern included in the first evaluation
point and a direction of a pattern edge included in the
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second evaluation point are reversed right and left in
the first and second patterns,

when the overlay position in the y direction is evaluated,
first and second evaluation points are decided so that at
least one of upper and lower edges of the first pattern
and one of upper and lower edges of the second pattern
are included in the first evaluation point, and one of the
upper and lower edges of the first pattern and one of the
upper and lower edges of the second pattern are
included in the second evaluation point, and the overlay
deviation is evaluated using the first and second evalu-
ation points, and

a direction of a pattern included in the first evaluation
point and a direction of a pattern edge included in the
second evaluation point are upside down in the first and
second patterns.

15. The pattern evaluation method according to claim 1,

wherein in the step of deciding the evaluation point, a
plurality of evaluation points in which a direction in
which an overlay position is evaluable is set for each
evaluation point are decided, and in the step of evalu-
ating the overlay position, an overlay deviation vector
at certain coordinates is calculated based on overlay
deviation in a direction in which the overlay position is
evaluable which is measured in each of the plurality of
evaluation points.

16. A pattern evaluation device of evaluating an overlay
position between a first pattern formed on a sample by a first
manufacturing process and a second pattern formed on the
sample by a second manufacturing process using an image
obtained by imaging an evaluation point on the sample
through a scanning charged particle microscope, the pattern
evaluation device comprising:

a unit configured to input pattern layout information and

manufacturing process information;

a unit configured to allocate information representing
whether each pattern edge in the layout information is
an edge formed by a manufacturing process based on
the layout information and the manufacturing process
information as attribute information; and

a unit configured to decide one or more evaluation points
so that the edge formed by the first manufacturing
process and the edge formed by the second manufac-
turing process are included in a field of view based on
the attribute information.
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